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3Ttfur q'ftcFI 

Tilt X ef %. #. ft. I. R7R3% % ftjTRftr^ra ftft 
rft^rr •I'Hhhni ^nftftq rt 
ftt^Tsfftzn tt^t ftftcn inftft %ft ftft it rtrs 

^lPl=h gr^TMT 

RR^T HMI^Idl 3TFTdT. 3#Tftffi 3R]Ilt 3Tf#RT T^TTR 
3H -Heidi IT# 3TT| %. aft# ^TRTF RTTo5% f# WTT 
clftdkMI cijcl^Mld iRR ft## RT§T ft#, ft^TIRT 
ft^rr rt RT sftgftsr r#rr ^rrtrt hhi^mi 3tmt. 

3MT WTT 3HlftftdHI 31# #ft 

3-rft. 

# 4 cT W% 
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<*J< 


WUf^T 


3TTW^T ^RTT 3TOMT ^TWft 
HI *U*U -3fmk R# ftsr ft?. T TIW <MKIH 

<tI<sh 3rrf^T =b<cii ftf<rr ^rr ^Rcfftr 

^c6|^ ^RT ^RUTft TT# t\. RSpR ^Nlt, 

. ^RRT t\. ^FftcT ^TCTSft, *ft. ^qj ftwt, 

. W ftfeftf, *ft. ftfeft, aflfddlH cTR%... 

3TTfoT -ftt ^d=bl ^ft dIHIcfl 3T§J^ 

Tfttaw ^Tft: 3 jt. w ^tt^I ^ ^ft. ggn ft^Nit... 

^T ^ftft 3TTHK RRTft §ft^T 3ntcT. ^TTcT 
Tft ohldH^II TR ^dl. 
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X ' c RTsrf% 3T^ 3H I fu I fd£jc1 3T^ 

<A 37^ 3M 3TTfoT SITTO^ft 3HUj!>|fd<*d1 .. 

$ 3W$\ K<4 M yfd^dl 

vs ^ ^ 1 Vi d*^ i •••••»»•••»•»»»••»»»»»••••••»»•••••»»»• 

X ' c RT§rf% 3T^ 3H I fu| 37^. 

% 3nfoT ^hz (ciuImtQ) 

^TM^) 4l 6< 

^ !>l I fcl Pi 3T°J^ 

^ ^ *********************************** 

^ ^ ********************************* 
^X Hlfd-llidcb ^l®di-dl ^ft 


. . . . ^ 
....^ 
.. 

..3<\ 

. . X^ 

..x^ 
.AS 
.AS 
. . sx 

. . Vso 
.. 6 \ 
..A 


$ 




feTR i^fef f^tWl RTRRTTRfedfedl fenfe 

°wk rrrjr fenffe ddMi efenl ffetfet, 

fetR 3 TTfoT ferR fe^T WRfe faoifeedl ^IHMI eft 
RT 3 T 3 Rf. RRRlfefeM ffeR t RTRTRRTR RReT R 
RR 5 eT fet 3 fe. cdl^ tfeR Rl=bdHI §Mw ffjfelfacb 
RP^Rt Rfet 3Hld^=h fet. 

feHIdltf $ 6 e %1 ferRRT ‘ fed^lfe RefteT fe 
fet. fet Rfet fer feRT eft ffeRRT wteT RTRt eRRT 
RRT 3 RR 3 RTRT fet! fed W Id fefecodl %Tffefet 

^J|^J|ooi|| dfe)} fefe Ifetfet, Rfe R felfedd 
RTRt Hlffel RReT. ^RT fiddl'd fen femRlfe fefe 
feltdedl cjlWdl^H ^aidld, eft feRRRTRt felPfed 
RTR ffe. 1eR fern fen fefe RRt d^lfel 
3RRR fet fe?. cdfe fefe fenfedT dReRTdft ^5eT 
feteT edl^ cdT feldMI RR d^dTdR fetef 

RTRRdT fefefe 3 TTRT feRT% fefferdTTR, 

WPRRTR, RfeTlR RR dfet. dT Refer RFTTRt 
ffR -ffeferfe tdRRdt dfet. RR. dfeTTR, RRTdT, 

RRR, tfefer tfeje^ ^dRcd R fed fetfer-RTWR 

RR fed. fRTTdfe RffedT, fejRT, RRdfe fRTTdfe 
^dfe fed RRdRRWd RR fed. fefrfeR, 
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WTO dm (photosynthesis), °h I ^ H °^cfl f. 

'jft^TTW^ ^TFT 3Hl^d. 

cMTft, ^Idc-MI 3Tc4dT fdWdT ‘aHu^uiicriV ^ TOT^cT 
3#. ^Ifd^lld, TOTOTO 3TTfw di^lld dldc-dl 
95-96% Mddi^dl (phenomena) ^R^WRTT^t 
3TTfoT ^u^unc^ ^|c^i|cb 3TTt. 

W^MIddl 37TpuTT^-'^RTM (Quantum 
Mechanics) ^ 37fcRR fddS 3TTt. 3Tim 4%jfe 
chlciNI^H ^NM4d fd=bfad i^d-ll ‘^yun^Y^n 
3TTfoT ddfdT dH^d 3MT M4d1^) 3TTOT WTR 3TT^cT. 

3Trfw fddlddrbHl *TTTO dm t 3TPTd dUdd 
3TOWR 3TTI>. dT ^Uddld< 3TOT ^5R ddd dT^dTdKTt 
% d^dT. 

% fd^R ^TOT: dT?dfdd; fwR 

%^=hiyi6l 3TTT?. 4ddJd^l) d<>Jdld, ^l^lcodl 

M4dldl 4dd-H id I f^TR cb<ui||d, TicR 4ddJ^d 3TWT^cT 
3TO^dt dddHI VW d<udld, Tjcfi iJdKdl dlfed 
‘dm’ (thrill) 3TT%. dT TO1H dT fd^Rldld TddH 
cdTdt W% 3TTfoT dlldd-ll TOdT^W idURdMd 
Hl4)ddl^ 3T^fr 3T4$TT 3TTt. 

H<l6ld dTOd 3TOdfcdT fd^Hfdddd ^S-ddW^ 
dd^1Ml4 d ^lld^li^dl 3dfddd d|l^dl4 <lHidl=h<>J| 
(Romanticization) c h< u dl41 H^d 3TT!>. dd^lH J II 2 

^Wdcb 3#; diddle 3TTt, m d:dT%d dHWdl ^Jdfdt 
dTdf dl'-HM TO M4d1d =h<dld dt TOT 

3T^T^ dddTdTTO 3Hldlddld 3TT^dt dTdt dTdt T£g[T 
dTdk ^dlddl ddt. 
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?TTW # HTWBT ^ 3TT%cT. WT 

r^TTW 3dfdd=b 3T3TT 3TT^fe^ fen 
^^Ichdlei. fM^=b<>J| fey 
^5^1^11^161 r^TRt 3WA ^cWSTT %?5T 

3^5. 3MT y4q1ld f^FT "God does not play 

dice with the Universe" % SHI^dldH 3TF% 3FT 

'HH'dei 'dlcl. % ^iPl^ Hl$l. % cdi-d ^Rbcb iTcT 

3#. ^TTWT^T ^Ed«b WgT, 3HM4lPld4l ^STT 
c#5TT f^TRf^RoF f^TK ^T 3TT% ^TT% ^TFT 

rdi^dl H^Mcl^l FMdt r^ri% HMdUdld 

m c^t% f^TK 3TNc^T ^cftw^ ^TTcT 3TTI> 
^TT^ft ^TT fo^|U|IHI J 1 3TT1>. 

■^rw wo5% 
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^U|>Hchc-MHI 


% 



Rw i (*<;*? 


460-370 

3TFR^fT fedltf^l ^tcfe 3TTfq R^TSlfiTSfe t4feRTT 
3T^T: TffcT ^T ch<u||() 3TT%. 3TN^TT tKIrflrf tfe, 
ifsrf, ^w^fet fe, ^n^rfen fei^t, wto^t 3ttok 
clu|M| ^TT 7TT f4fe t4ffe 

-eilch^NI^H ^Ho^c-MI 3TT%cT. Ifet, fet^t, 

fef% #f, tffelfe f^TS R^fen^T 

-W^FTR^T ddfe fetcT. 

n^TsfeTT ZfT fefenfefT TJ55Rft Wfdd 3# ^fet 
14tfe SRTfe ^T feTK W ^TcH chlodlHN^H 
^fWcdld 3TT%. ^fet fen dfedl ^TT femM ^Tg 
fegfe <=b< u dNI %^T eft 4)4ddld 3TOT — 

fe*T (Thales): wf % W feT 3TN <TT 

^odl4 (element) 4fe 3Hlfd'^K fefe 

3h h ifei few (Anaximenus): dl^% 0,dvd ^S\°d 3fe. 
WfeT 3d d < J 1 1 d % ^SJI^MId 3dfet, ^^FTRR sR^HId 
m dldld< u lld dl^HId. ^R d^dMife ^4 RTT ^ 
Ifeei fe 'did!/ 

(Heraclitus): fe ^TFeJcT fefer W^fe ^e5 
fedt eft ^ fe (Fire) 3TT%; fefe fe 

fe.’ 
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ufo s i lew w (Empidocles): ^2Rt (Earth) % RT"P|RT 

3TO^ XJF5R5R 3Tft. cRTf^RTR 3RR, 3Tf^T, RT\ 
RftpT STftcT.’ 

3iR<-<tTc« (Aristotle) dH RT RR °h c-H H i I RH-Rd 
RTRR ‘WTRT^RTRt’ y’cheMHI RTReft. eft 3RRt 3TTT>. 

- ‘tRRTR^ RRT§f ^$Rt, 3RR, FfR, RT\ 3TTfR 3RR7m 
(Ether) RT RTR ddeW 3TRRTR.’ 

ci^ i rri%^ rt t R=fT ‘r#wr’r 3ttt>. rsrY 
TRR% ^STpjTT^fe 3RR 1RR% 

RT^TRR# dl^H RRTRfcTtR5 ^tfdR, FfR t%RT 3TfR TRR% 
^RR£ftR5 xjeRrR 3TTfR 3RR7m TRR% RRTRt?5 RTRRRTRTt 
RRjmttRT 4^did! 

RTRTtR ^dldl did^lMId RT MMM<M< 1^, R7TR5, 

RR 3TTfoT 3TTRTT 3RRt 3TPRTRt RR l^dR RReft 3RtR. 
RRtRTRT IrRK RRTRRT TRR% RR 3RfoT 3RRTT 3TTRRTRTR 
3RtcT. RR f^ (5/?acej 3TTfoT RRR (Time) RTRT 3TRRTR 
RT 3TT^fRRT RdRRJRI-RI (Space-Time) RRRRTRt RRR 
3# 3TR TRRIRRR R^. 

RRTTR RT RTRTtR ^dldl RRRT^ ‘RRT§f 3R£t dHc^ 
3T5 TcTTcT’ 3# !>lfdMldH 3TTT>. RT WIRtRTRRT RTRTtR 

IRRK RRRTT RTR RtRT R RT RTRT fd=hf^d ^TTRT ^t RT%Rt 
RRR®R RTRt. RR Tpt; 2500 RRf^f RtRT RRR tRRffsFTRR 
RTR RRTsf 3RJ% RRRtRt 3TRRTR’ RT fRRR RTR ^RI2Hu) 
W RtRT. 

R^tRRR RT RtRT RRTRTR 3TR RR RTR^ ^t ‘RRTRM 
TRRRRRT (Divisibility) RtfRR 3TWt RT%R.’ RRTRTR 
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fRRTRR RRfa iftWT RC fRRTRRRRT RT ^fftRR RtRRt 
3}fRRRR RRT$f IrrR Rftft?5. 

fenTfsbcR^ -q^Tsrfen ^ rIrrrr Mdobini ‘sp^’ 

(atom; t RR 3TrfR 3RTftt TRR^ ^t, ‘R=FR i^dRM 
T^uj#ET 3R^<|RRT i^idRNdl 3Rijft$TT 

3HI+KHMM 67 'za; 3Trf^T 3TFRRRR (space) 3TRRR.’ 

‘RRT§f % dd^lcodl 3RJ£5RT ^Jl^lcodl RTFTTcfte 
ydldl^H dddld. 3TRT RT y’d) J ll^ RRRR RRR5R R=FR 

RRTRfft <|tfrt RRTRfR rrtrc rrrt ftft.’ 

RRTRftBRT ^u^cj^MNl ^R ‘3HU]S|U|ltoV %R^ 
RRftMgR Rftft. 1rTe5T !R>llfMsR ^RRT R^RT. sTRwkitf 
RT 37fcRR yfrllSd RTfoT HMdlillH RRR iftRT. tJCRTT 
3TRTRt fenTfsbc^l R^yun^ ^tr 3TRRT %?ft 3TTfoT 
RTWt RRRRt WRT^TRft RRRRRT dlHdcrft. rdl^to 
i%R%RTRft 3RjnWRft ^ ^R RRR RR ^ RR RRRft 

iftcft. 

RTRTRT RR 1600 RTTJR WRRRWRRT RRRRSf 
RT RRRfrRT ^HWlldHI^I 3TRRR eft RRt^fRRR 
RRR Rftr Rftft. ^ rM (RR 1592 - 1655 ) RT 3r 
RRRT ft 1%RfffeRft R^R^TR RT RRRRRT leRIWFR 
3TRc5^Rft ‘3^RUIRft’ W RRTTRTR 3TPRc?ft. RR^ RTf?5 
(RR 1627 - 1691 ) RT dRRMl %RTWlft wfRR W. 
t 3RpuTRft’w ^RRRfqftRTRt Rlftftt RRfnfeR fRRK 
(JRRR. RTfeRRT RT fdRKNI RRRRf 3TTRR <|RRT RRRRTR 
^RR 3TTRTR. 
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3TRTT 3TNUI ‘trt4 (infinitely 

divisible) H'HIdd’ # 4=beMHI Wt fttfk Wt 3TOT4t 

Msft 3nfoT ymM 14 ^k ^tt 3rra4 

STFFT 3?4 'Rj^ 44, 

1. w4 WTT cdlMdld, J-^u|4x| f4fw 3HI=hKHM 
(volume) °dNdld. M d | 4Nf 14^ 1-dH % Hdl§44 dido 

^Icodidl fd^uiii-ciii HdRMfo=h^4l ^TcTT 44. 

3# ^4 ^§44 °dN<4edl 3HI=hKHHId 

^df4dM4 (smoothly) 3TTf4 WW^\ ^[4 

(densely) fd<g<<44 3RTdTd. 

2 . wt4tt d^nn 3 to4. t^4bt ^§4^tt dd<*Hi 
cl'KJHH (mass) 3T?t4. 

3. WlM Wm (density) cU^HH/^l=hKHH 

(mass/volume) 4t Wt ^4f4cT 3^4. 3TNc^TT 
MFI 4mm 1 ^Rrn ^cT i^t4 19.3gm/cm 
l J ,d<s1 3n4. 

^4 4l^n ^4 TcT 3l4?5 3TOT ^TWRT f4^TR 
3TFRT ^ ^TT. 

'^mdV^I 3T^TTW WWR f4^Hl^cMl 4=heM^ 
f4^ (point) 4t ^JSrHIdlei ^J8FT 4fe fd^Hd l44. 4ft 14^ 
w 444 (line) ^te^TRT c^TT 44d4ft5 14^4t Wn 3FRT 

toT 3T r rf4cT (infinite) 3^4. ftftftl Wft*TT 3HI=bKHMId 
yiHNUIMI 144^4 Wn 3FTf4cT 3^4. 

T^TSn4 ^=q ■qZcR fftrft ^1T 3T*Trfft5? 4 fcT% 
^8?T 3T*Tffft5 eft? 3WFJW ^TT#. =bdlftM ^M. 
■^rar 144? 3rm 3ftr eft ‘^§44 
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% %fcT% 3RTcTTcT.’ % Ir^TTR % 3TTR^ d£ld<* 3TI%. 
RT J ls?id=M^R 

‘■q^Tgrf^n ^JTft RTR Mdchi-cill d<U|H 3TR#FRT 
ydchi-cil ijwn 3PifiiM 3 trrt r^et rrirtr 
ci|IH^r-i|l aifrl^FT 3J|chK*JMId 3Plfuid 

RdRT umici^ ^rT.’ 

3# RR dRddld (iwifcT) R^ i:gUT% 3Tfa*J8FT 
3HI=bKHMIH^ d'kJHH 3RT^ RRTRf% RdRT RTsfe 
3RTfuTR 37W cR RRTRM W (cK^HH/^I+KHH) # 
TRTt 3TRR1 w( TM-3RTfoTcT 

ITT IWf 3?[RcRT RRTTRT 3W M$TRRTTt fWTR 

3TT%. clogr 3TTR^ J|^1d=h 3TT1> T^URTT ^5. 

‘RRTRfR R£rt’ arWfedH^ wn r rrr 

H-Hdld. $dcRls?1 3RRKRHIdcdl RRTR^RT m^\^\ WTT 
Hdttdd 3TO% 3TTfuT % RdRT R=F^TRRJR fReRT f%RT l£fk d' 
(discrete) 3RTRTR. % RRTRf% RdR T^R% 3T%’ 

^fa<4R, fgRlTsbdR 3TTfuT chUlld RRft RRTRf^BRT 
wWlfdddl Rldc^l TR Irtr^ RRRT %fc R2RTRRJR 
RgRR^t RUT 3#RR?Rut f^RR %TftRT RRTcRRT% 

IN! ailgddld RTTR, 

RRTR 3TujR RRR5R5 3TRdld. 


© 
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3TTfal 


feqffeOT IfelT WTC WIT ^TT elfe^ ‘3^yu|lcfl’^T 
T^TR 2000 fe WR'RTTWeT W3TT wk fe^T 

fefel 3TT^cT Rife eRRlfe 3TRRW eft feltfet tfe?T 
srafe RW eJTW fet. 

R1HR T Ifem Vllcfe t^tjjr ttRT feRRlfe fel 
^N^ch 3TWel. 

1. ywfPfe tfeiT M^i>J|| r Hcb Tnffefe ^ffe<ui 

2 . T=rri%cfr H*few Rfer ^Rfe m<mm) (phenomena) 

Rlffet. 

few (Alchemie) R1 «t 3^M «dWRT 

wmwj^ ^nwfefe?) 3 twr ^.r. 600 rrjr ^ 

$Hle7l feeTT. T T U T Wei J Resell feeft. 3H I f^l wfe dffe feeft eft 
T^fet fefelfe (Philosopher's stone) Wt 3Tlfe Wellfe 
(Elixir of Life) fefeft! eRT^fe feWTl wfe fefel 
H°6efl. 

RT wfefel WTOW^H 3TWRlelfe ^[W ^TT^T 
^fepn fefqfecT f rt. 1600 ww rt ftm ^ 

?TTWTMT ^ I I'M ^4 3 W ^ W. 

RT felfeel life di$ce) (f.TT. 1627-1691) dH 3TT °h 
3T35fWfeHt Wt fe?5 3RTT few tferK WeR % 3Rfe 
WRT. Rl^TT W cMHfelW WWlfe 3WW 



«IH SleiH 

( 1766 - 1844 ) 
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3RTT RRTRT, 'H c hi‘c| c bMI (compressor) FTTR eildeil . 
^m^FSTT FF£R %n^R^ yraVT RRR cRTR 

I^FT (Boyle's Law) W. eft 3RTT RT^- 

*R^tT fdRlg d IHH H IF>I RF Ri-S^ldltf fcjRlS 
cR^HH 1^-11 RRJRT FTR (Pressure-P) 3#F RF£R 
3HI+KHM (Volume- V) FT Fft <I^FI ^JWK FF IrR 
3RRTT. 

FF = Constant 

t^urT c||^Di|| cR^HHId RFF5 R RtcTT RIchKHMId RFF5 
^tefr. FR ^ 3RftR RcR FF^RNFWT R#dt RT^. FR 
dl<dF>l cR 3TRRRTT 3RfoT RcFIcK <Rd ^cd> 3HI=bK 

RRFT FRcft. FRFT WCT W&i RRTTR^ HI<WII WTT 
3RRTTR. FT Ht=hcoi|| FFTTR?F RFT 3RTF Rt 3TNFWT 
3RF RT%cft 3RR^t Rfe WR FT^FR 4^ FT. RR 3TTRF5 
FRF FTFTcT? 

‘RFT#RT FFFR"5FT FRFTR hUcoRI WTT 3RTFFT cR 
RFTFfFT WfF FIFFTt.’ 

RT^R FFFRTfFFFt 3RTT fFFR FTFR 3RfoT FT%T 
^ J l^ J lc^ RFRr FR^T FTfF^ 3RTT FRc^I 

‘^FT 3T§ff FT\ RcbMd Id (contract) T%FT fd^Kdld 
(expand) cFT 3T§ff FT\ RfcfFTF ^JSR FFTTF FRRF5 
3RTT^F. % FFT ^ch^chlMI^H RFS (fFTTSTT 3TR7RRFT 
TJFH^) 3RRTR 3RTT%F. FFRW FRFTR %FF5 Hl=baj) 
WTT -Mf- 3RTTFt.’ 
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^TT 3HI=hKHMIH^ ^§fen ddcbMI -37^- 3TRR 
3TCFTT 3MT 3H|cbKHMI'H fefcT (vacuum) 3TO T^TcTTcT. 

feTK 3TTWWT ^^i|U||eJ]cb^ ^RTT ?fet % 


3TO <-gU|vj| MlL»<yi-cl cii^m! 



3ngreR 

g^g 

5RRDT 


0 O O O o 
0 O 0 



■ cn^r w 


^cbi^ill ^[cR5 3Rf cn^vEf CRUT 


^l^dld c| |iwil =b<J|i-oin ^o^cT sRoi R 

fen (3n^v5R nfe) fen feq=fe. (wrt 

HldH) 

^fesTT chuii^l d<U|H fefcT Mich cil (Vacuum) 3nt. 

chulW^M 3TTI>. 

wft fen ^ ^ladld< chuiW^M 

^tfer w ^m\. i^fenfen 

^T5T 3TTfe SRTcfe. ch^Rd^M ^FR IHjcf T^UT# 

Wft ^ ^ M chuiW^M (3^-bd^H) 3TO^ Hlfed. 

wf ^u^d^M 3TOlfe dlMI^H ^fe^RT ferfe 
fenr- 
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• T1=F T^K\^-T^pSf-T^V^ MTM1 sH^tfl 

3TORT. 

• 3R1 i^Rj cH^IMI 3}RR Tjuj^tf RtjR RtjR 
SRtRcI. 

• Rpcl wf-R^R-R RR fell 3lfe TJeRWSTT 

RferR ^Hcl SRTRftcT. 

3MT femfell 3TraR feeR oA||^oi|| 3}Rt 

^xR— 


‘tj^czr 3T^r wsjnihh fen ucht) chimin cnm 
fetcl. Urt^oilWI Rfe Rt3^T T^SJ-RqrT dddld. 
^RR-ffeiR fedd ^TTr^TRT fed 

fed.’ 

R1 ^TRi^TK ^.71. 1674 fe Rfe fen fe 

‘wot’ R1 4eisl°4NI RRr dlddl. RfaR RRR R R%R 

^oii! 

^6<I°4I ^ld=hN4l Rfe Rfe c^lffe 

R.7T. 1743-1 794 )fel dRcWll °4lfe< Rlfec! 3}Rt 

i^°4Ml Tjuf qR fe|fe °4lls4l %Rt. eft srRt- 

‘w T^raifni^d 3d i u i ^sO Rm nfe Rfefe 

fMcAddl RtT TTRi 3T7TT nfe M*U|R l^UdlSJ- 

Rfefe^n ohic6idc-Mi <4><Rfe, RwR, Rfe 
d°£lffe 3M1 3fe feR TRFH^TIWR HdslR, 
3fefell, RRR1 R1 fer 4Nd1d W H^fe RRl 
Rfe. fefel ^d^l WHfel ^l^ilM fek ^q^JcT 
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mum terror 34m snsrf 

^RcT ^ ?R6eft. 

^ (f.TT. 1754-1826) ^ 37^H^fiw 
dMdldtfl m?T JJHIUINI foW (Law of Definite 
Proportions) TTRJd c bl(oe7l. eft 3T7TT— id R I S TT^T 
dddHI rdl^ll ^nrt mw\ i\ ft%T 

3TlfoT 1?SR 34ReTleT.’ 3c0. CuC0 3 Cu :C:0 RRlt 
RRRt RRFt 5.3 : 1 : 4 3RTtR 3RTclleT. 

3Tr^ efkt c^lfdO. R1R i'HIdd^ll'MIdlc^ JJddKItfl 
T^#t fdtfMtfl f^ft. <WldP|ch 34fafsbdiH^ 
dfeJHl} R 34 l^bKH 1-1 34^=fM 6<fddl W 
34f^tdv4l c hK c hi‘dl R 3rMlRdi^H fdRR ^IRT 3RTT 
RR5R ^3R RNRlMgcT (quantitative) WRRTORft 
WW %eft. 

3Tli|[sh4dl^ 7TR id-llfddi-cill R 3Tfi|fed IcbKcbi-cd I 

d^HHMI lddK %RT 7R dfejOH IdMIUI^ ^trT 

RTjft R ?fteT RT^t. 

R1 RTFH^lWlcfte 3im d^HHNI fwi 

W. 

348fRT d'kJHHMI 1WT, !R3Wdl fWT 34lfoT cdl^- 
R?feT RTFFRTMlcl P>\*M ?TtR RTB^n 34mft; ^IRT 
(^.R. 1766-1844) f.R. 1803 Wt 34N?ft ‘spjSFTleft’ 
RT£?ft. eft g^tRfwtt- 


18 - ^ u j7| 3Hcl< J I 



♦ TT^Tsf 3TU|# ddtt STRrTTR. 

♦ TTRTT w5 3Ttr^ TPTR TJUTRRft 3-1 -H d I d . % 

TpTRR | i^^oill-cill 3TojwT ^pTSTRf^T 
3RTRTR. 

♦ IRTT iJc^cdlR W3 3TT^ TR7T dl-^HlR 

ST^TdTd'. 

♦ 3Rf£ 3iIcHi^n ( indestructible ) 3TRRTR. 

♦ 3TtrjwT fid Ml I ^oi *N|t dddld. 

rt Weft^r rrr 3Wcfte rtrt Irrh 

tydglfaeb ^SRT §frsM RTRT RTRltR R#fe5RR^ 

(?RT. 1779 - 1848 ) w’ (symbol) t\ fi=be4dl 

§M?ft 3TT?fNr RTR^ RT. 

A 3[RTT tlsHt 3TFPR A RT ^sl°dMI R=FT 3P^ , 

5 3RTT tlsHt 3TTRUT 5R T 4?isl°dMI Reft 3P^3TfK 
A8, 3RTT tf=Ht ^RT fi^lld ,4RT Rcfl 3P^R ^R 
3P^ 3nijd 3TRTT ■Hill'd I R^i (molecule) RTTIf^RT. 
3P^T^Rt i^sfodMI WTRTR WH RRT. ^1 TBfTRRT 
e^HId WH W RTR ^ % 3nt t^j! 

AB, AB 2 , AB 3 ^ 3TltcT. T^lt A R B RT 
^cdi^l 3|ujM|^H % RR^ cRT% tnR 3Tlt 3ft 

T^TcTT R#5. 

3TTRR R5C f%RT A5C, 3RTT tjJ^TTRT fRRK R7^ RT. 

A RT 3pijt df^HH x, 

B RT 3f^ df-cJHH j, 

C RT 3H^ d'kJHH z 
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3TO 37W m ABC A, B, C ^ IT 

=m 41 ‘SPTRt x:y:z 3T?ft 3TT3cffp5. x:y:z % ^ 

W 1 ! 3TT%. 

ABC, ^TT ^J|m c 4 A, B, C ^ TT iJcSs^lM ^Fftw?f 
x:y:2z 3T?ft 3TOcfte5. x:y:2z % ^ J lai fdfljcT ^ f^§R 
Ml 3TT%. 

T^T% ^TT MT#^n 5^fT ft%cT 

^Fft JJHIUINI 5^TT ch^HIcy 

4lecPMI ^ffWBTT fTO^r (Law of Multiple 

Proportions) ft^sT eft 3TOT 3TT%. 

‘^PT TT^rmsn ^TRT PPfT cPPT 3TWtp5 

cR TT^TT Hrt*o4|hs4|| ftf?PT cK<Ji|Mlvn PPTPT 
^|U|hi|| ^^cill-cill dHPPloo'iJI c|^HMi-cfl 

JJUNtR (ratios) W*TT ^JTf^Rt dPsIddl ^rTPT.’ 

r 3TT^TPRR fwi WS ^P5- 

^e^TNT^ ^5, /)/?,, 
Aff 3 3R y^JIN M 
m 5 ^^RP( 
^TtrR 1 : 2 : 3 3lt 
3RTP5. 

^lecH^II ‘SHWtcT ^ 
(molecule) ^ft ^FRRT R^cT 3TT%. PW eft 

d^edl} ^TteT^ oSRl%. 4ledH^I 

(monatomic) W^MId Pwdld 3RTcTRT. T?T ^F^TT 


oo 

• • 

go 

AB 

ab 2 

ab 3 



OA *B 


20 - arwT 




l^dK 3nfq 

tacf =b<ui|M 3 Th^ 41 3T#rn^ (^. 1 776-1856) 

'Ml-i %^. 

!4l<Wr<i^dl PldHWK^I dl^l 

dlddldltf ‘wwf\ 3M|ohKHMi^ll Iw?’ (Law of combining 
volumes) ^TT J V^>. 1778-1850) 'dH 

f^cTT. rMI^K ST^f^'Min^d 3T^f<^dl=bK=b 

3TTfq 3d4lft<} 3Hl c bKHI'} ^TFdT 3TT^g#BJn ^f^TCHt 
dl^dd dl ^cTTcT.’ ^T. 

Wft dddHI tf^R ^ 3qff^RR ?(M\ 3TRdW^ 2:1 3RTt 
3TCTdTcT. 

3T^FTTfft dldldd 3# Mddei ‘dNdH ^ 

^TR 3TOcfte5 m $6edli?1 dl^dl ^PTR 3HI=bKHMiH^ 
*dHldtfedl ohuii-cd WfT ^PTR 3TO%.’ 3T#fTTfHI J li?1d=b 

(Avogadro's Hypothesis) d~[ H Id H ^T fddH SHIai/sled 
dldl. 

Udldid^H % Hlf^cfl 3TTI> - c?R WT |$I*H d' TJcfi 
WT 3fffd*RR di^dlMI^H 2 WT Wit «FRt. T^T% HIUdM 
^Jd H 2 0 3^ 

2« =t> u l 3nfoT /7 34Tfd*RR^ di u l dl^dl 

'Hdl J ll<4H 2/7 Hl u dl-c) d^ «R^. 2/7 Hiudl^dl 2/7 

3fffd*RR^ 3^ 3TT%cT, cdT 3T§ff dl^M 3fffd*RR^dT 
n ddlFT^ 2/7 SITf^RRd 3^3TTtcT. T^T% dl^M 
3HTIdd dHdl do u l dT %3 ; P^ (diatomic) 0 1 3TOT 6dl. 
cRTM tf^R^T f|3^>u^c|^Mld H 2 3TOT W. 
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3W) J N4Ml ds^dddd'M tRWff ^t% 

RB’ (mole) ^ 3TfcRR H^idMl WWWk 
y=heMHI^ 1RWR ^t%. eft R^ft % W RT- 

20 0 C dlMdH ^ dldld<ufii| RR RT f^dldlcri 22.4 
3HI=hKHMI-cdl d'kJHH 2 RR, 

d^HH 25 RR. cR 3qifw5R% d^HH 32 tfR 3RR. 

■RT R^TRSR W&U WR Reft ft WRT 
6. 02 3x1 0 23 Rcf^t xft3t 3TT%. RT R<sdtfl ‘rW 
(mole) 3Tft RTR 3TT%. ‘'Rt??’ Rt T[R> *i<s<4i 3TT%. 

tffcH d^HM t 3H'J]d^HHId (atomic 

mass unit) i^T% tffRR^RT 2 RR d^HHId R^ 

Rfe ^ 3TRRTR. tffaRW 1 RR d^HHId Rcfi rW 
3RTdTcT. 


3RJ£cTT d^Rldieh 3TT% RR% RR Rtf^il OdrdIR 
rRTrT RcR R1R5 R^cilH 3RJ£ 3^Rdld. RR-3P^RS*t 
TRF RTR5 3TU^ 3T3TdTd'. 

R^ll-dl \ajRR 3TTR 7tR% RR 3RJR W Will'd 
RR> Rte ^Oj! RR-RRR£R Rcfi RPR RT£ 3TRRTR. 

4ledd^dl Wek RTR3 <IRIdfH=b RcheMdiH^ 
^ddl 3RRW% RRR d^fedR RT *4114*1 RTTWT^ 

^#5W3 R2JR ^IdVId %T^F 3^ft 
3RjpHKieh*nRuf| (Table of Atomic Weights) RRRRft. 


22 - 3TWT 





'FTFRT #f#T ^F#T#F5 3TT^$FFRR #RT 

3?raT^R ^ 3TSF dNCd *^s(°dHI (symbols) 
I^TT. //# W t^T v*H 'R 4 eis^MI 
O'# w 3frf^RR ^T i^sloilNl TJcR 3F^d^f5d. Cu # 
W di®dMI (cuprum) F=F ^d^lfdd, #ft. 

^oi)i^| dN^H y^lld eft 
wwm 3TTtcT t d^fd>J||) %F#t T^T# ^T. 
H,0 WTt, 

CO, (^T#T ^FT 

NH 3 (3HHlPldl ^) ^TT#. 

W, # 13 ^ ^ + 3 nfnT = ^t 1 ^r% dN'CH <WldP|cb 
3#### %F#t 3F^ <WldP|ch y41=b<u| 

3^T. 


2H 2 + O, 


2H 2 0 


Zn + 2HCI = ZnCl 2 + //, 

3//, + /V, = 2/V// ? ... #ft 

3##FTFf7K% = 3c>JlR<t 

= ^T fe^FFTT 4 ldt=b#tf t^T# 3 Tftfsbdl=bKd> 

(reactants) 

= ^T d'ddlcb#^ TRT §f dcMlfdcl 

(products). 

WT, 3TT#T <WldP|ch y41=b<>j) ■^tNtt ^FR 
%FR. 


31^ sjwT - 23 


RFT t|u|MI 

3^^|i|H| ‘f^’ (radicals) % MR 

RMTM MR ^ J l^ J lc^ Jimti 3TORRTT R^TRT 

(isomer) % HM cRHM Rr. 

WRfMcfi fm'lchRii-ciii H4dl^ ‘wtmIrr 
3t1r [ shill !-?=> U | %rj 3Tirjwr TJo5 RTTRSir ^3R 
Mcftq TcRT PirTui Rot’ ^T R|tJU R3TRT. 
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( 1791 - 1867 ) 


3TTf&I f^cT 3?uj; 


^ff^RT, 3T#fTT^t $cdldld) Rkwt %^t 

^ 3TRTT IRRH^TRRRR 3T^RT^T RRT 
frf\. ^T ^RR5 im f RT. 1825 % 1890. 


WlfeTT wfe ^RTf^T 
JHU^jun^ ^cT ^cft. RM RRT§lfft R'HKfnWdl, 
fa^fdKId^H, ^dcftd $cdldTdl ^Te^T 3^S|U||^ 

<Md4l ^tcT RW. Wf 3TTfoT R RRft Rlftft 

WT R^cT Rog^. TJcf^T RRT §1 3RRTTcT % RRT 

T^T% RCfo RRf J ll^h1 RTStdR'^T 3^u||^^| 
foaMd^l ^flcT. eft Rrn^rftft RR^ft RMTt ftaidcdl 
% 3Tm wm 3R^cT. RT RdRRTcT 3TNW 3^3TTfoT 
MR, 'f^RTRT TOTOWi RRRTWR 3RW. 

(f.RT. 1540-1603 ) RRf ‘^\ RRT§f RfRTRcR 
IcR WH RRRffRT 3RT^S d-Rdld’ % dl<sld<?i. RT RRTRfRT 
rdH (Electrics) 3RT Hid fd<d. 

^TTeRf i=hlHrdl R ftR^ <| % (f RT. 1698-1739 ) RFf 
dddd J 1ei SRRTR (vitreous charge) 3H lft*l eikdd<lei di u lRR 
(resinous charge) 3RTT dtd ^diK^dl RRRTdT RTT^T cdldeil. 
RR RRR RRRTRSR ‘34W?V (repulsion) cR 3RRTR 
RRRTR^ 3Hl c b4 u l (attraction) RRTd % ids'* %^. 


3TnjR 34 cl < J I - 25 



WR fcT WTT wt WT^R l^sllfll 

ffjwft IwfR 3 I<jW>I RRR RRR ^5 R§t f^T Weft R 
$c6$c<J 6=1 d fd^FH Rldl . 3H^II Hdl^Idl 3T*mh} ^dkR^ 
(bad conductors) 3Rt T^IcTTcT. 

RTcjRRWT WTRfR( ‘Mot %^T RRR dc=blc<J 
Wlfw ^RRTTRT Weft 3TTfoT RR& 

STTc'RRT 'dpH'fld f^T RTeft. WTT WTRfaT RRRT# 

■Hd (good conductors) J -6 u ld Id . 3H Idorild d Ksl d cR I - 
mw\ ^dl6=b w ^dii?=b 3Tr^n<ufld< cR[RT RRR 

i^k %^T Rt eft RRR RRR RTa5 WR f^T Weft. 

RRTftcT d^=dl 3TRRRTTR 
RRRT% RRTR^r’ ‘Mot Rtk. 
WT. %R l=M<cRld< 

RRlftcT Rteft 3d lf*J| 'ddcdrcdl 
WM W#RM RR^ 
WRt. RRRTW 
1WcT% RW wt IftcTRT RTTRT 
RRTR’ RRd' RFlR RRR lkd=bl RRd' fWRT eRFRT RRTR’ 
RRcT! 



3R^cftcT dl^dedl- 
RRFt A 3TTf°T 5 RT 
RRTftcT RRJ^dRRI^ 
RtReRT RC RRR RRR 

'rrtrtV-^h wft 
RRTRT’^t Weft, ^t 
Stfw fR^elRRT! 
RFft R*t RR Mldailch^H RRTT^t RT# eRt. 



26 - 31^1 


RR 3TR U T T*t§m TOMI RTRFRFT RRTRT5RT HldcilH 
^ WP RRRR TT^RTWt R( RTR fR|[RRRT RTTCR 
RRIcjlRifH R^ft RRTRTR^i RRR RTRTR IT#R5. ^ Wt 
fdSRRT (direct current)! 

W t fR?JRRRT ^RTR. 

lR|[fRRT RTRTR RTRt RR ft<iNRI RTRWRJR fS^TTCT 
dl6ci. 

RRT ^|cjU||H^R fR?JRRKT RTRTR RTRt RRRT *3HHHRc!.Hl’ 
(non-electrolytic) RTR^ ^ u ldld. RRT. RKdTR RTRW. 

RRT s^lcjuiiH^R fR?JRRRT RTR^t cRTRT 
‘^Wdl '(electrolytic) RTRR ^d u ldld. RRT. Rfe, RR^d, 
RRRFK RTRl RTRut. 


Rei^idJ oRfeRT (l .R. 1745 - 1827 ) RFT f .R. 7S6W 
RSR 3TO RRR^ ^ 


‘rTR RrRRWT RT^RT 3RTRRRt '5TRWT5RT RToWFT 
RRcR RTR^T RT 7RTRTRR fRSJRRTR fwR.’ 


Rffe RRkR^JRK 3Rfd1d RRIRRRTRRFt cRFf 

o^VdlRl RlfRRt 


i=nWT 



( Volta's Pile ) RT 

RTRTRT fRSJR rIr 
RRRRR. 


o^Vdl^RI 
3RTRRRt 
RT^RRTR <IRMPiR> 
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3TfafsF^TT d^dld. sTT^ I fd^kMd WcR 

T^lt 

<Wldftcb 3#rf^TT ►Rr^T TOf MM 

3 TOT TOT 3 TOcft 3 # MM. 

-HlRuH^I TOT <WldP)cb 37f^i^TT 
M^dUdNl TOT m (f.^T. 1778-1829 ) TO 

TOeft. 


+ 




n^we-fl EIC 


I I III- 


q%af 


3 TTOftcT 
dlTdde^imHI'J] 
fddaJ^edl 'fTO^T 
(dNTO 800°C) 
fe^cT TOT 
■HsbfHd cdl-i 
ftTO 3 TTO 
(dissociation) 


^ TO^Tromt MMu % fror^. 
TOfR tot hRRto, ^TOT, H±)Rto, tftTO JvMt 
^sT°^ °hl<Scfl. T ^ U T^ Idcjddo'dl TO-M <WldP|cb 
3 #rfTOJ M^oJdl %dTcT. 


<iyidRch 3 #rfTOT *pn TTOT nkedl 

'dl-doH Hc|1h <-cH| pH^I r|o^| fc^^rl^'dl 3HlR TOJ^ 

TO TOTOTO MlR^d % 3 T^TT^T 3 TT^. fTOJTT 
TOTOWTTO WTO % TO TO- 

^TT WfaTOT TOFft Mu 

(f.'ST. 1791-1867 ) ^T 3TT^TO fTOWRT 3TTOT # TO? 


28 - 3 P^T 31^1 


TO cTOTTR? ^ 

■Mot %?ft. eft 3TT^ft RR^ RT. 

3TRFT (Ion): 3TO^ft ^lTO^f fd^TRRT WT Am. 3T^ 

toT srjr^rt! 

3TFFT Rt y'cheMHI W^T ^R%W[^ RTSeft 
RT^t. fM TOf?SRT Rkwt ^TRt 3TTO 3T=^RRT 
(f.R. 1859 - 1927 ) RT Wl^l ?TTWT^ %eft. eft 3Mt: 
fold edited I Rtfwr dtfUl'^H^d' ^T f^JeRTKT ^TRt ^T 
RTfew TOCT^R fTOd-3TOZd (dissociation) RTcf. Rd 
% fdddd yffedH 3Rfq dtfHld RF^dT 37^^ RtcT RT?t 
RC ^TRTftcT Rtfro 3TRR 4Va + 3^% TORTftcT deilRd 
3TRR Cl ' 3# RtcT. 3TRHT% SPjj^TT 

3RRTTcT. ^T. Rtf^TOdT 3T^ft M|Ui|N<N< 
3TfRtoT Rt#5, m ^RWFTOn Wifkm 3TRRTcTt (Na + ) 
M|Ui|N<ld< 3##Rn RTRt. 

SRZt^J (Anode): fd^MldNdl TOtTOTt 
fd^ddildltf 

^iuiclch (Cathode): fd^d^'fdl'cdl di u ldl c bl^fl 'df-Setet 
fd^dddldltf Zt^. 

3TRqzrt ^TcfUT (Electrolyte): RTR y'sbfad WTR 

RT dl°l u lld 3TO^T Rt^T 3TRR 
3RRTTcT. 

3hhmmch 1 sdcjui (Non-electrolyte): fd^dRIKT ’Hshldd 
A RT dld u lld 3TO^T ^TT^t WcT. 3TRR 

■Mot H^dld. 
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SRFR (Cations): SRSTTfrcT WHIT W 

^uiilcHiMi^n dc-Hf^d 3TFR. 

*u||±n (Anions): WTOTftcT 3TO^TH WTK ^ 

TOfrTOft dr-Hf^d 3TFR. 

f^rT 3T^^T (Electrolysis): 3TOft f^mRT 

^'sbWd ^ledlcR <WldP|cb 3#rf^fT Wt ^ 

‘dTRH (cation) 3#^ d^lldd (awonj 

3r(rl4d 6|u|. 

icx^m (Electroplating): dVdcilddHI^n ^oFlf^TrT 
^leWdl ddldHM) (cations) $Wfl &T 
3#rfsF^fT d ^cTT ‘ddlddid (cations) dVJ|dld>ld< ^TT #T. 

f.RrT. ^ ^ ^edl ^dldNdl 3TT^rft 

^T^-^HdcHWdSft iWT ^Tt^T ^T^5. 

dR.tfl fem: ‘u^ltll fd^dd)ddd< (Electrode) WH 
^edl fedT dcU^d ^edl d^HH ™k 

^ vj||U|M| f^cT ^HKNdl ^WTTWRT 3TCTcf.’ 

777 = 3cyk?d d^HH. 

0 = WTRT WR. 

c = 3HWd\d ^|U||0 fd^ddKT 3rfq3iwii 
t = f^mRT ^Te5, 

z = fdt[d<WldPl=b 1?SRT^ 

(Electrochemical Equivalent). 

3MT ^TT TTdflMte ^N'^T ^41=b<u|Ndl ^TfoTcft ^cT 3TOT 
fofedl ^cft. 

777 = ZQ = Zct (1) 


30 - squj^ 3^^ 


fRRR RRm 4uRT3TT4t Wt TRfM R 
RReHHMl 3TR5TR RRm %3R 

^TTR (Coulomb): RRK?4 RRR. R=R 3rfRRRRt 
Ir^RRRT RcR RfRTR RT Rlcild RcfT ^?4 r RcJRT RRR 

■H shld d Rr4. 

hh*^tm^TR (Equivalent Weight): ■H^RI R^T 
^odl4 RcfT R7R5 3}UJ. R^RT 4k 34R<4edl ^odM 
1/2 Rfe 3T°J. ^RJRT cfk 3TORkRT 1/3 Rfo 3R^ 

r44. 

Wkl <p7TT fRRR: ‘aiTOl RRRJR RcR ^ T^UT# 
96590 ^?4r R=TRT RRR RmfRR W cR fd^ddlRNI^l) 
R=R RRifRRRK Rcf4 T^si T 3ryf^d Rt4. 

R=E 9=^1 RRTCTRT 3RJT5TT R<aHUcd> 

RRR 3r 4 3# 14^4. 3T3TT M^uiid^H RT3? RM-dd 
knt (f RT. 1826-1911 ) RTR 3RTT 14wf W mt- 

fR^JRRRTT RnpR^R RRTTRRR IRT. 

fR?5R RRKI-ci|| RPJJRR RTTR $^RdH (Electron) 

% RTR 1^. 

3Hldm4d RRR 3TTfoT fR^RRRT §MrTR 

RTfkft 3TRR fa aided! 3TR?. RUT RT dV^l4 4 r% RRSm 
RTTR? RTR 3T^t 3TTRRRTRR RrR 4 rT 4uTR RT^t. 

3R^ 3TTfuT RRK dMI^ '-KR-KRdR 3TRTRT 3# 14^4. 

RT RRRTT RRTT 3^4 3J3JR Rk?f R#cft RT#. 
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W 3# 37^ qq% *qqq cboAWjmufl 

m 3^1% fqp; qf^t ^r% qqqq q^qf 3 tt%. 

cT^r 3WR 3TT^T Iq^T qf% ^q% *qqq q^qRTT^ 

3qJJ% ^q% ^q^q q^t 3Tiq^qqj 3TI%. rqi^ qT <V^I 
3T^qRT M<w<^eb q^#r qqqt sqq^F 3?n%. 



32 - 31^1 


3tjj% anfar 


if. siTOrR 
( 1856 - 1940 ) 

TfFTfe y=b<>J||d 3TTRR 3^3TTfoT RRR R fa^JRT 
#5RTR£fte5 WTOmPfr §M^ft R#cft deleft. 3TRTT 3R^ 
3TTfoT ^irf R RRuf Hll^cfl WRW 3^ft 3^$TT 

Pi hT u i s-ii^I 3n£i<?i. <-k<j 3T a j^ 3 h i P>i r dK^l rNtt 
3t^tw 3rm sfr^crT 3pRp, rut zfRq RSRT 

rtr 3rm m 3nfoT f^mRT rPtt 3t'rtrt 
^RWR 3TRTRT. 

4lecHR) 3HU^U||^ RS?f I ^ Pf%cT <^ledld< 

IcTSTTcfte d>lcdl y+eMHI 3Hld^d=b Sffi? RMT 

PpRR °i?ldtfl WTW. 

t^tsJ RHIUpd 3RRTTcT 3RTT 3TRRR 
3^RR 3Tlt. RRT§f 3T^ SRRTTcT 

^RT^RUNul 3T^R^IUpd 3RRTTcT 3# T^nTT% 

RT5 R^TRTR^R RTT^TT dMIdidl RRT§f RRTftcT RRcTT 
%cTRT ^ 3TRRR 3^RR 3TR>. %R fdR^H ^ledld< cdTR 
=b J l°dH =bl J ldl^) ^ dxIcviUilNl ^5 ^IdaMdaJ 

Rci|<*P %?R 3TOcft. 

RHIUpd RRTSfpR T^R#5T 3RjjcR d<p|p ftrfft 
^T RRR R^R 3TRR? 3T§fcr 3RJJSIT 3TRRTRJR! dlPldld 
^Rt WRTT f^RcT RT^t. 



3Tnjif 3fWT - 33 


3WR did 3RTdTd - dd 3TTfp dPT. 

d=Rd M d dR 3P£5dT 3-irl< J I Id 3T$d5 cR 3PJ^ddTftd 
3TRdTd 3RT Id^PTRJd IdWd dfe dP R^RTdRPPPt 
3P^wftd H-Hdld 3TO 3TPT<^ IdftSPT 3#. T^P# 

3P£5dT 3HcR J |ld dd d dPT W t dt^t RWTPTId, 
U.ddidHI I^PfcT (cancel) =b<d1d 3TPT W 3}W 

Hlfedd. 

% dFTd5 RFd %P J-^UI^ 3TtTJ^T dlidftcb Rid HI 
(internal structure) 3h*xsI mff.^; 3P^ STiddFid 
dRd ddddoodl P Ml id I dH^tfl 3TRPT Mlf?M % 

4ledH^dl WIdM?5 3PJdt srfddldddT ddeMHI 
dTTWTdt Iddft 3Tlfp 3P£5dT 3ddf<d dddidl dTTd 
^ W. d J l^ J lcodl ^dldedl RPIddTdt ddd dT 
PTdRPd ddeft deft. 

3dfp ^RTdt fd|[ddRT Rdftdd dRdJ 3P|^ 

d fd^d dT^dT dRRR dddT^ddt dftd Hlfedl faoideft. 
ddTT PFRdt d#cft dRjdT dFR d^d faoidUilld left 
dRjd^d fd^ddRT dsbfad ddddrft ddtd ^ ^TTdft 

djdt dRJd^d 1%dT dtd^Jd fd^ddRI Rdftdd dtd 

dp-ft. 1854 did! ddd-cdl dcodTd^d fdfdTg dT^ *RPT 
SlfcPRT ddft dTd Iddfp ddddrl dd ‘^tdeR’ dlft fddftdd 

fRT. 7560 W ^HRId ‘■'ddR’ dlft dT ^ftrTeR Hooding 
dPT d dd dT% (electrodes) dd^d 3#d ^d did fdddRR 
(voltage) dTddd Td^ddRT ddftdd dRlded TJddTd %eft. 


34 - ST 11 ]^ 3Hcl< J l 



3T3TT H oil ei I ft cJ^HI d Hoi) (Gaseous Discharge 
tube) 3# WM. ^eW^T 3ft 3TTga5<^ ^ ^TcTRT 

cjldlcRufft dNIcril 

3Rft ftHlHM 

R)%. ftnlHM 

ft cJ^HI d Hood iftl 

T=rrf%cft 3rm 
^KRTt RcR ^TR 
3TTgtcT. 

10000 V 



^ 3#^ 3TT^r ft^HN Haild^ TJcp 
^RTWm dldlcRufid dNI^dchl W 'ft^mRT 
dl^d-d 3RT%. 3RTK^. RW %J<T 

1M ft'dftid Rt%. 


^Ulrilcb 


SR^Icp + 


f.R. 1869 
37ld>d1d dKsMcrMl 
ft c^-HI d Hal) dlH^H 

Hlfe 3TTfoT 
RRt 37^ dl<sldft R>t 
RT ftH%dl RFTtcT 
3Tg§T^T 3TTeRRT r^TRft 
yideil (ddddl 
cfRgT RFT ftHlHM RtcT 
RTgt.) Hajftltf RRJ $6^1*) 37WT 3nfq 

37Wt RCt RT RTgfa. 



t#iaf 
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f.R. 1876 Rfe RT RhH^I ferife f=h< u l (Cathode Rays) 
3# RTR rife RT fefe STPTO^T (^.RJ556- 

1940 ) RTR 3ricPM Rfefe 3T1RTR %RT. R^rife feRT 
% fd^dld ^RTcT fd-dfed 6lcl Id % cdri dl<sldd 3nfu| 

% feRR WJR RRT 3TORTR 37RT tfedri W. fe^ffe 
ridldld fd-deiHI^I ftrid^H % RRT RRTRTftcT 3Rfe 
Hllririd % cRTR dNddfe 


feldfe $rid-dM % %tT 3TTfuT %R R7R !drdcb SPJJ# 
RdR7 3-1 -H rl I d % aimRHd 

3rjrt r^ ^wfer ^ddM m rtrsrt. 

RT ^RRfefe ^JRRri 3RT 3TRRTR % R^fe- 

^ddM W - - 1.6 X 10 19 f^UT 

^ddM d^HH = 9.1 x ife^RR 

^ddM ffeRT = 2.575 x iffe R.Rt. 

% fe^ri 3RRR RRtR RRR ^fefe RR^rI dN< u IR 
3RRtR. 

RTJRRt WRt 3Rjrit fe?RT Wf 3RTTRt RIRT 

3RR dldldRI Rtm. RTRfet 3TTW 3Tc^|J | I^M WT 
RTRWt rifefe ‘rife’ (mole) rit riWRRT dlWH 3nffe 
RRRPM former of magnitude) RRR 3 Rfcft 3fet 3Rjfe 
IfeRT d><c^RT. 

3WjjritfelWRT 27 RR d'kJHHlri TRR# RRR RR 3R|ri 
3H|chKHH (volume) 10cm 3 RR% 3RR. 
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31e^fHftTO R ^31 33^*931^3# 

f^T 331# 3333 33*3^^31. 33^ WTT TJcp 
RTe5 W 1 ^ (6.023 xlO 23 ) Wt. 33^#t 3H|chKHM (volume) 


y7C R 3 1cT%. ftogi TT^T #T#fcl 33^fl 3# ## 

gjfagg fofedl #. 

4 

lmolex— n R 3 =10cm 3 
3 

.-. 6.023xl0 23 x-ttR 3 =10 cm 3 
3 

R = 1.6x10 tS cm. 


3nu^cjl 1#HTT I 0~ H cms ^3T h^th^oH-cO (order of 
magnitude) 33T%. 

3n m ^^3 sjTh*hh 33^to3 
3333333 ^rrsft TJcft I>lfd < +dl ^3#. eft 33#- 



1. 33^131 331^IK U I 10~ 8 cms 

^cs^ii f##rr 'H# 

TO I Rd T Tte5 3333#. 

2. ^33 TO#cl #W 

##3^1TO33 f#3#3M 
^ronftci f#f## 

3333cT3cl. #ft#33# W33 
TO333; 1#feT TO^l 
3333# 
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3 . 3TOT 37^ 371%. 

4. 7J=F feT ^TPFcT *#C M4H-IW 3<^c?il 

37\SRt7TftcT 3TFFT ^cft. ^T (Wa + > Mg + + 4/ ++ +) 
^Fft. ^RH7 37^7 37^ WIT 

W 3 ^ T^TWtcT 37FR7 ^cTTcT. ^T. Cl', 6>~~ ^Fft. 

ifoli R 41^711^41 ^§Tte f=h< u lic|< 

37*T ^ ^£t, ‘^sfe %RT i^UT# ^RH7 
«ji<j^i rw; wrm^r fwfeR ^ ^ctt 37T47K 
WTTcT. cdl^c4 ^7T% ST^JW#^ 37^ 

• 37^R WWT 37WTT. 

• 3TT3£5sn 37d<J|ld ^7-^WT WMT ^ffelT 37^Mld 

WTTSTT R ?5$T fdedlcR ?T^T 

^WcTTcT. cR 37RT- 

1. ^Hyd^dl !7fd^d1d ^dedmHIu] 37\^7k 37T% 

^yHIu) 37^W^7T ^ScS 37Tt? 

2 . §fn7747 !7fdfd1dedl «H*rKT% l^cROT 37 tJ£ 57T 37d<dld 

^ 37T%? 

3 . ^n^rr HdWHIul 37 ^ 3^71 37d<dld ^R-^T 
^ik J l)codl 37T%cT ^T? 

4. 3HUj«7|^< TT^urf^ ^ui tt^ 7 ^DTRftcT #^H7^T 37WTcT 
37^ ^T? 

■sn w n^rNft tfh fw-dudwidl aim^n^i 

yid^dl^ 37IU|4sn dMI-HuH 37NVdch 3^ #rft. 


© 
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(1871-1937) 

TfFTfe JJcb<u||T^| 3Tm 3TT3J^TT ^fwf^pft 
sRTTq Wft ^rf^RT %e^n WTT. ^TT% 

3TTfoT 37^ Rq^q 3T[i% ^Rqf ^f?SRM W¥^i 
Qui||y|6l 3TTWt WRT 3TT3W ^tct. % WtF] 

*)«^\i (l.¥. 1871 - 1937 ) 'qr q^edl 

m ^gqsq W1H1 wmti %^. SP^^TT ^q 3RTT 
qqTftcT cbuiNi SpjjcR qRT q^T 3W£ZR qq^TliWt 
qTf%cft qT WFt^T 3Pflq T^T qTqT qtcTT. 

3R3jq^T ^q 3qfw Tpjq 3q^ qcbdltf 3ft 

3^ j mh qqiftq q^T q^r ftenq^ ^t qq wFt^ 

qtcTT. cqqTTCt cqTq ^.q. 7900 qrat qT wmti 

qftq qqqWT ‘wrfqqq’ ^T fo><u|)cHlfl (radioactive) ¥RT 
qTW7% 

M (radiation) W 1 ^ qT^MHI^H fcl qTSqqifqqr 
qqq -feqqw^q ^FqT fd»oh|ufl qiuqiql fwiM 
q^q! qrqt fq?qq q#cft ^ 3#. 

qq# q^qoqtEqT qrf^R 3qrfqS£T 3<*i£^Mul 
■qrqTt qqq qqwrqt q%qT muiq %wt?qTfRn 

( Radioactivity )! 

3TT^cftq qqqfqqqiqqM q^tfqqqw ^fcnq^q q^f 

fenqi cftq 9=M<q) Wt qT^: H4dld. cdM qqq 
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figni 3 T|cR 0 T 




fWTW 

31 lcKU|H|^< t^cTTcT. 

sfT^t fck\\ 4 \ mft 

fWT^T 3 TTWTO 
?T faeft WTcT. 
^TWSTT 'RcT^rSTT 
=hldchlHld ^d=b)d 

‘Mot m 

^T mwt% cffa RFT 
$)dld. -Sidl'd^ dl-Sdl 

WWcT fd^fod ^Wrft 
^ ^TRTftcT 3^RCf^(a) 
3 Hfd^fod 


<I^U ||0 w(y) cr dddW R^TT WWRT fddfod 
^TRlftcT 4 feT (P) 3 TRDt. 


*nW 4ter ^TRTftcT ^ddl-n srtcttct. 

W Wt 1^T% fd^d^dcQd 3fRDt 3TOcTRT. 3TFR7T OTt 
# SFWTftcT 3TRR7T W^ft ddeMl 3TOcTTcT. 


^T 3Hfd^ J ldld 3WZ\ ^TT% ^Wf 3 t£T 3TT%cT— 

-IQ 

• 3d^T3WK + 3.2 X 10 ^ 

• 31 ^T d^HH 5.5 x 10 24 ~m 

• ST^T %hr JO ' 13 t JTt. 

# HI fed! R^cT ST^T 3 TNW ^TT^t ^TWTK 

3 i\£m. 


WfW Rf^rfRWTRJR fi|o 4 U|M| 3 Hfd^ J ldlH 3 R^T 
d^lMl TTRT R^TTSTT 3lfcPM H?dld< %^T. dTT 


40 - ^ u j^l 3 Hcl< J I 


wiw^rrcm 3jft. (1/50000 

cm) TT^t ^cft. ^TT^TT ^«hl^ 3TO yMM 

(20000; 3T°^ c^TRT ^TRT^g 

300 OO OOO 

< ^gt ► 

'I-HlRki 3T^ ^Rs^tT 5oooo 




m*iick 

3TraTcT 

^l^lcodl feTHT 


c[ 


&&*«, (scattering) 

] FTWRTT 3T^T 

cbuii-cH 

6dUi|WI6) 

R5IHI Y ^TT 

Ycft. 


chlUIrMI UchK-cll 3P?%T ^Tcft? 

1. 3PJJ% ci^HIH 10 ' 8 cms U.d^l Y^TT Tf^jcT 
SIHMId 3#?5 m 3T5TT SpiJ^T ‘*t(Y 37^ 

3# T^UTcTT ^fe5. 

-3^^R ‘5#’ 3^ m 34c*FT ^ny yM|^i|l 37^ 
3TMRT ^WdlcR twT^TT feTHT feYRd (scattered) 
^TT sn^T 37^T ^UT 3# 
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dIRed RT MRW^RT (scattering) fen 
3TRRTT RRT RRTTTJR 3TRRK WTK RTfeT. 


2 . ^TT 3TUJ# c|^HH cRFBRT RtcRRTR 3HI=bKHMId RR 

RRTUTTcT RTJR RUPERT feRRTRt 3TfeTR 

rtrtr m zm ruj?r Rfes’ 

fef TRUTcTT 4fe 

-^TUJ^RT Hl=hcd>’ 3TRR5 cR 3TcRR c t5 u l d-RIR HldRJI 
WWlcT 4 VrNRI 3TRRK fejR dldfe 

3. RRRRR 3TUJSR f5ns^?T 3TT% RUT RRTpiTR RTR 

$c*dO 3RcbKRHId IJchcJd^^ 3R% 3# 


-RRRTfe 3^WR 3}U£ERT 
RSR UdeiN4d 4^dl 
3HMch4=h Hdl^ (fe 

RR?t #fe5) RUT WTRRR5 
RK +eR|cR W RRRrfe 

fe Rfe R 3HU^|^< 
R%r4cT cRTRR Tfc5 fe RTH 
fTTfeR 3?fe5. J-6 u I~ 4 3TeRR 


3Tfe TR RTTR 



RRT ^ J lld RRR5 R feTT 

4. $<WT-H^i|| fd^MId 



3H u^h c|R 3HKHK Ir^JR 

3TUJRT fesfeRRT 
RRRTTRTTraT Mp<U||R R7TR 

-R?RRReTTRRR 3TTRTRRT 
WRJ^ 3RRRTTRTWPRT fe 
Rfer RUT R^TRcTRT RK 
%RRKK 3TIRRR, dtfl^<fe| 


42 - sirR 3Hd< J i 


cll^cril W] cpift ^ M^M4d ^c53q 4q 

3jth ^imrsn ohi^l^l mRumh q 

Sf^qq ^T SRjmjq 3TRqR *TT^. 

3^^TT ^T !^4l J ll<iH iqwq 3i<rWl 

■qqq 3 tt!ct % ^j N 'qr, 

a) 20000 3}eqq 19990 3}qqq felMdtf 

fen %rR^e5 q ^tcn ^Rnw q^rm^q 3TKqrc wrt. 
■qrar 3r§f 


3TU£ cKIddl Mlchoi 3TPTrlt. 


b) 20000 3fqqq 1 ^qcT T Job 37eqq ^T ^fPTT^TT 

M^IcK 3TK^q 750 SRTRjq fedeH 3TTe^TT fqqft 

w wt. ■qrar 3 t4 


3TUJ% ol^MM 3-1 fd y I ^4 'S\6^\ dh£Mdo6-oi|l WTTrT 
Uchdddd 3R7q. 


c) ^oooo 3f^qq chUli^cQ 3 ^PT ^uj ^J|^J|codl 

■feMT fdfofld ^tcTTcT. fdfa><u| ^ qR T 

3T§f 

3TnjTT«Tte «R3WR 3RTTcT 4>£Mdo6-oi| | 3-| [d V 1 3| 

9TFTTW tfocJd^dl 3TWT. 

b 3TTfoT c % Iqwf 3lfrRR f^5 qKcft 

q^dld ^tct. 3Tm 3TTqeqr ^FTT^t c^Td 

3tt%. (% dfq 3 tt%ct.) 
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^dc|<4<ril arnj^ft yfdd>dl (model) 3T?ft 

3TT%- 



3^^! 10~ 8 cm RdcSRI Bl^dl -• ilcri 3RRTT. 

VR'm R d'kJHH 10- 13 cm M'd^dl %£RFTTcT/isRbld 
M.chdd^cri 3RTcT. 

MeWd I 10' 8 cms WT J i)<rild 1 O' 13 cm fd 3-d F| $<BddHrl 

% ^cJ-dBfl f?&R 3TWte ^T? 3^WT! % ^R 1?§R 
3TOcfte cR R^RTRcft RRTT RRffe. 3TTfq I O' 8 am U.ddpJI 
M-dl ^u|^)d fcT RTW R=P tfUsIHd 

RtS^TT Bl^Hl 37^ #RR RT^t! cRj?T #R£TRT 

J lfdHMd ^cT! 

3 isRHNI^ ^RRT <|^d 3TTfoT 
d^=bMI ^RTRR ^ 3R^Ktfl ^TRT RRTTCt 
d^bmlddl dejoilcbH feT eidl-RK cf$RS5J 3fcTR RRTR 
1W 3TO^ 3HM^=b 3TT%. 


44 - ^ u j^l 3Hd< J I 


3R£cft wftcT^r yld^dl: 

3PJ£cTT SRWR 3TTfuT df^HH 

3RT^. feFFEft f^HTT fJJTT* Iff 13 T^cT^t 

3RT^. 

^cbl-mcTrft 10- 13 Tt.Tft. Udc^ll ^iUTRTfRT 

RRfqtoRft fq^rnr^n TRRnrm r^trtr 
tfdlebK cBSTTRtzr fqRrT 3^ fid Id. 

frafrT dl^-cill efJ§Nft %HTT fpTlt 70 s R.fft. T^t 
3RTH. RTRRR TT^TTT 3R£cft fd^l 3TH. 


© 
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sfcsr wtrj ^ dld^H SRJEft ufdfdl 

ftwr m wl W MKMR=h 4lfdd^ll^H ^T !^fdd>d%dl 
dMdld Tjcfl TOd tM 3TNf% %e?T W?. 

^Tlldchyil'NMI Iwt 3t 4 UHldl cfit, l^ldl MI 
rcHUI^cM Wf WW cHftrT 3RM5 cR rMWmTRq 
yKUli-cill 4-d^dld 3MT irWf^d ^TR*t dlR4. 

M' '3rRpjfcT rMml ^lid'Jl A'Jii <*>41 shkoI 

mfm. 


^T PlddMI W& 3T§f TOT % W^TTWl 

^fd^dl^K 3TOT ^fcT 4W 37^ 

ItoI TO. Addl'd ^d=hN TOW 3R^T %TO 
TOP 3RTT T?T 3^3Tlt. 



^IfdldcTOHIu) TJcfl 
WWtcT %TO ^ RTO 
4facft J|Ml=bK TOf cT IWMT 
TOWfa #TOT 3RTT ^T 
t^TOTT 3TTJJ. 

fwWRFt #TOT TOT 
3c^d cfifoj 3TTfoT ^f^TTO 
(spiral) Wt doildd %sTO#^T TO5. RTO 

70' s 3.4t. %^TT t#5R 3d^TO^Rt 70- 


rl3 


46 - 3Hcl< J l 





-e 


(b) 


f.Rt. M-cH RR R R^n RTCteft 
Rtedloi) (dipole) RRK RT#5. 

3# #JRTR ^55 %cft RTf?5? 

RrfcmR after, 

W 1 Q- 9 cms ffe ^t! 


rtrt 3tr mfuReb RrfnRRnRrTRRRTT tfftR 3 t^ 

3TiWrRTR 3 h ^ "J| yid-q RTjft. 

R^ tftRR 3RJ|cR fwTfcT f^5 JJHIUlId 

3TF%cT. 3HlR J l Pl-H- 1 iTdcril Raff (realities) RT rR fRRRTRT 

rtrt 3nt. 3n^ rtt r4rrtr! 

rt snsRRhjR nnf m hrhRr 

nlfcmi Raided I RTTRt fddRHI 3nfnT fa^idHI ^ WRf 
wte cr Rn^t twr r RngRr 3 rtrr r^r rtt^rt wft 
r#t fwr r RngRrtef nfcremm RRTRt wte 3# Irrr. 

a# cMUiiitfi ^i wte 3^R rtt# rttirt 3rnte rtt? 

-afteTOR RRFTTR 3RtcT. 

HRhRr RtfRRRTMTR d^HH (mass,), RTTRt (length) 
3#n RTR5 (time) RTRT TRRR RRRRRT R?RR Rnf^RT 
(macroscopic scale) RRRTRR RRRRT 3tR. RR MdH 
R RteteTRt RTRtfnRT RRT WJ\ RTR RuftcfRr RNRTRRT 
(measurements) 3RRR Wf 3R% 3RfoT HRhRr 
R lfdR^IRdld^ fnRR R %g[TR RT RWRteRT rrMr 
rr# 3r|r. 
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10' 25 RT 10 - 8 t.Tft. feT IQ- 20 

#jft. RT WH1 37cft feT W 20 RT cbkrWsU 
#5ft ttn^ m R^cft m ^ciw ^T#Bn rrrtt 

f^TK^t fTR^T Howell. 

W^m Mkl ^RRT (microworld) 3RTWR iWT 
^ fem, ? >k RT 3T^TT <^RfcT (microworld) 
« eRf W^^T^cT 3reft 3TCSTT ^RO^et 3#. 

3¥^n wfe ^fTOTlW^ Irrr r 

3RTcfte, cfri^t H^dlcri. efi^ iwT cT %£RT 
w^anteT anfoT cffrjRt rt^cT t jwViMI, M^WRt arrfw 
M J lco4|| yuiicfl^ll cMf'-M ^(ReTT %#5. 

afUcKjid RTTR? 

34MKMl<eh M4^ ch<Ui|Ml^4l EHIciyilchdl 

3TT%. 

WTTSTT ^Ndld 3HMKMR=b f^TKRT ?Mw ^Mldi?1 
Wt WRf 3TNUT Qu||<x| 

3TT^cT. RCg MKMRch RtfTOTMT^ fen ^ll>Ji|N 
arfcRTR WT RteRT (fRT. 1885 - 1962 ) RT 
ff^T RTTWT^ 3TTfoT % ^fteT 3RTcTRT RfcRTM 
(Quantum Mechanics) RT ^rfcP^ WCT 
^TT#^ RFTT ^TTcTe5T. 



48 - ^ u j^l 3Hd< J I 



STTfrl 3^ 


Wf 3TTfoT felJcT ^T^TT TJ^ 3T'GTRTR£T WTfcfcr 
I>lfd < +idl W&\; ^ 3T^{ 37^ ft%cT W{ 
'dc^ei H 1^1 . MTRTTSt Hdl§f 3Hlf*J| qNlT 'jfi-S3T3-^|< r | 
=h<Ncril W 3W 

Wlf^T T^ui#ET 3TTjjETT ^TT MM 

3#? 

WWfM TRR‘dte5 ^Rds^ (chlorohyll) TOM 
W^HIdltf TI^T cbdld^ ddddld. 

H , 3TTfnT c/ 2 WWlcT^ 'fR^T TI1IT?JT 

3T^RRT %cj^ m wNr MScT ' C PI ■fen WMT 
HI4edW !>l=bmM mfWi\ 

II 2 + C/ : ► 2 HCl 

3T^ft <WldPl+ 3#rf^TT ^u|^)x| 


3Tl^ ’dTm TTT^T %3^T dWIdfdcb WZ& T^cJ Vlchdld 

3TFTRjRfte dli^dl ^HI=H^II ^4d^1d 
^^FTT^ft ^T ^edlcR cbl4%dl TTWfe 

3#rf|^fT d^dld 3TTfoT ^wjcTT q T^q# 


3TT^3nwr icWPdd cMdld. 



H=W k'll<* 
( 1858 - 1947 ) 
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#5n iJob^cbi^n wpra 

WT Sffi?. cN?T r^T^TT 3^ qq^q 1q?Tq 

W W 3^ qUcf. q^ ^fte 3T^qqT3TT^t 
3TTqeWT mwi^qT W^MMI 3T«TRT qqRW ^T. 

y K"J|[xj rTW^^q : A K u l (radiation) J -6 U I'^ qT^-IH 1^-11 

wft fcT qT^qi^HI q^qT TTqq feqqwr^q ^RTT 
f6=bl>J|N4d ftmi WRT.’ 

qjuft iq ineqqT^TT qqq q^T f^u] 

% wt w ^t. qrsr qqs dichdi m sqqqftq 

q^qMINdcidl 

qqqmi-cqi 3nicfld 
^5qT 3Hiq,Nq- 
ddl^ci ^^FT 

qfr^q q id h i$l • 

qfdqn 

dd^lip 3T 

q4q 

fqq^lfnd $ldld. 

qq^R3Hiohf4uii^oi 
ddlkdl kj% 

fqq§TTqq ^4. 

odHd< rdi'cdl 
d-dlkdi q4l 


J lld*1M <5 J I'S 



<J|4|-ci)| Tj^pif ^FTRH ^l^eil 

(disturbed) MINIMI ^ WT 


50 - 3Tq4 3Hcl< J I 


A 


WMI 









^Hlddld m 


cilcHHI-41 felT 


rdidl ftctJleiiedl 


Y 


T rfrT5r ^# 5 ^ ^t 




WTcT 3TTfoT>jxft ^HI J 1 ^TM ^55 

^TcTTcT. ^KsKW^ 37 cR t^u]% 
dj'jleiidl (wavelength X) ^5 fedl'll^d -dlfdld ^THFcT 
feF&ir-HMl IM T^l% 3TFTFT (amplitude A) W Mdld 
■MoT ^uiMI d< J IMl WfT T^T% 4^cTT (frequency v) 
W 3=Uld WT uA, ^ 3TcTC chlMdlei. ^T ^T d<dNI 

(velocity) 34STTcPd 

C - uA* 3RTT WT 3^e5. 

3TT=FcftcT dKsMedWHIu) ^ffewp^ft dMdNdl 
■fe^T =bldcbldld 3 TCt4. WM Wnfez ^ff WTTW 
34ldWI^JI dd^dl ^WTTWRT 3TO%. 3MT WTRT 3^41 
(transverse waves) 3?4 J-^ u ldld. '-I l u d l^d I I J 1 1 d <‘d 

WT 3^ 3TWRT. ^TJcfTT fttW\ ^cTTcT. ^5ff 

‘ 3 ™’ ^tt^wi-^i w¥i y’sbftd =wdid 
cft^T ‘3 ^cT^t’ TTT^HlRldld^4l fcf^t 

4^ ^Icbdld. ^4 3TTfq Tjz^t dKdW'ft TTT^TfT Wt. 

•il^boil (vacuum) 3rft. cftft ^dlMl^d mwftBTT W^MId 

3TTWWT fe4. 
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dldd 



Hit HdWtf 1831-1879) IR IT IKlt% 
[ci^d-^^chl^ ITS 

^I^dld IMHITIIFt f^cfk 3Trf^T ^fHFtl 
ifo} l^«M*n 90 0 3T#5T T cjfa HcTTI. <M^dW IT IT 
itlt f&m\ 90° 3%[IT ITtl Hit. 

w %rt, §r %rt, 3HfcHltf %rt, ih?t, sterh 
%RT, ITHTt ?5ICt 3TTfoT \f%3Tt ?nft 3RTT IT dllcdl IRT 
criidl^K fl^I ^fHFtl ITWPIT Hfe 31%. 

HH)4k< = lO' 9 ite 3Rt Hlt% I<HfT ITWITI 
urmti wrNft d< j i^i41 400 HH)4k< % 700 HH)4k< 
Icflt 3RTI. IHWI7M HRT 7.14 x 10 14 I 4.3x 70 
Ite5^/lfrftin 3HTt 3RT%. 

d l MMM^^I 3TPt : 3TTlilN^T URT dIMHM 37I^t 
d>ld1i?1 IR^3TNe5t dlMHMI^ yHlfdS 3RT^t ITIT 
Hit fd^d-^dcfild UTRTtl IRIT5IT W^MId IRT^fl 
drOd 3RTI. 


52 - ^ u j^l 3Hd< J I 


RT d< J ltfidl41 
dcdF^d do'dl 
di^ 3TR^1 "irildd 
3TTtcT. 

(a) ^T 3TT^!I 
T^RT #RRM 
3TO^n d-R^II 
Sffit. 

(b) ^T 3TT^!I T 2 RT dlMHMMI 3^edl ^RJMT 3TTt. 

(c) ^T 3TT^I T 3 ^T dlMHMI^I 3HW<?Ml d-R^II 3TTt. 

(d) ^T 3TT^!1 T 4 RT dIMHHIeil 3TO^T ^RJMT 3nt. 

T RT dlMHMMI STRUTT ^§rf^T 3TT^!I l^tfdl RcB 
3TOT - 34RRRTTOROT (unique) 3TOcTt. RRTT RFRTTW 
did Ml ^RT (finger print) ^rft 3TT^IWRT^t 3M^dd 
3TOcft cRTT T?T 3TT^!I R?T2[f% dNRH (T) 6MUi|IRI6l 
^f^cT 3TOcTT. 

TTW RSRB (^/R. 1858 - 1947 ) ^fT fep- 

MKMRcb ^Ifd^ll^l^K 

wnfkv STR^ft tfd<%dl 3TFTTRTRRT (amplitude) 
ddl^dl ^TWTTWFcT 3Rfit. Ml^ eft Rhcfl^t fel 
^J2rR 3R| ^Id'-d. 

RT dcdl^RK cTH R?TSlfm{R R^TRTT mWT% 
3TT^I ^4lld=b M4d1d RfoTcT t^ld^ cR % !4l4lR|cb 
3TT^lt?ft TJBStM ^5cT WfcT. 
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«H1M RTTWHt # %#^tt 3m w#tt m 
R^t. ^R7. 1900 R# k/i<# 3# # 

fmifcjy 3# ft ^idim-oiii ciJii-ciii 

wjuuiuim rrtt m ^yd-ciii fwymuud 377# 

E = hV 

jr,sn | = i.(v)ich-c4i Ir&Kich x ctiym 

d^dl V 377tc!> cR e>6<lH^e51 'HHlfdS : 3T3ff hv RT 
mftm R#T# 377t?5. i^u# eft hv, 2hv, 3hv, ...nhv 3& ft 
377^. TR^ 1/2 hV feT i/4 /r\) 37# 37>||rH=b #?5. 

^st MM dMdld MKMRch ^W\ 

^f#7T #T# 37Tfq m^TTcf# ^1=b<u|M 

(quantization) T^T #^£7 

dlWdld 37fcRFT H/idNdl RT 7f=beHHdMd k/i=M 
W# RcT 3# 1# #, ‘cTTWR^PT 9KU||^| 37l#s|MI 
5RT *iWdUi|WI6l # 

E = hV ^t ^ # 0 # Re# (efevzcej dlHieil 3#.’ RT 
4e#H«i RTWRRPR mwr^n 37T#§TRT 3RT 1 5#Pt 

yKUlid ijdJ-d^ii- I.R. 7905 R# 37Te# 37I^#M 
(f.77. 1879-1955 ) RRt ^377# ### RT# 

di^dldlei mRuiih (Photoelectric effect) RTR 

RTRtRRR 

RTejmf# mWPSTT ‘#1## (quantum) hV 

Ref# tj^uj ch<dld R RTe^RT Rilled 1/7 H4dld. 

#[cn R# 3777RR# RRR#RTR ## R#5 cR RT 
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mRuiih iTit. msm iRffUmi 

^cft cdl=)ai) 3TOFmTKT#6T mTcTTcT. 

I°IT, 

3TTW% gm^WT % TT^ mrfmj eT$R (reality) 3TT%. 

3HM<=K 3H IH u I 3H^-d HHei Ift m^t T?t d'UI'frd^H 
3mcTTcT. 3TRTT 3TO RTF ml ^t mlt 
3TOcTTcT. TFT IF# FTR 3m>? maTT% |cft (dual) 

mi. iFit m^t wtrtk# mimr m Fmt im 
gro^ft 3TOcmrTOit midid. 

f^tr l^t F^iRt 1 

(cbu^d^M) imt it fmtmmr iTit ftt? 

THF5 cR mi mi m^fisTcft left mi. 

fmFT mn mi % f^nf <j<d dl. mmT dwRch 

d^i?STeft FFTRIRF QuilMI mrF mtrT 3TOrft. 

MKUli^ |cft % dT-^lrsJrft# tJTWJ Hcf% mjcH 

quin mi. 
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1 



®IH< 

( 1825 - 1898 ) 


TfF’it anfaT 

(dufMrPl) 


dlMUM^ 54KUli-c|| WR : HfacFSJT ^l^dld^l 

WFWR^R !>IR U IMI 
3TT^I 3TR U T HlfetfM 
3TT%. 

(Spectrometer) ^TT 4 ~A I H 

^TMT 3T«TRT WT cR 
3RT T^TT% WT% 
WTeR^t 31^¥t 

(Continuously) ®Keid 

3W^T 3TTt. 



■^4y c hl^l (Prism) <HH ^d (Disperse) 

‘dHlftfePlMNl’ ^TT wNlT 3^’ fed ftT^cft. 

6000 3M *T. dNRH 3RT^TT ^rf^TT RRRFTMT 
(Hwwj ^nfe! 


fefm dNRHIeil 3RT^TT R^T§rf% dNRH^M 
R^RTK#5T 3TOcfte. 3T§rfcM T p T 2 , T 3 ...3TCTT 
pKpKIcoin dNHHIo'il 3RT^TT R^T§rf% fa?T 

3RTcfte. 
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dlMUHIcK 3TcR^fT Hfl44 3RRTT7T 

cFT? 

- ffa! 3HWRT. 
f^imT Hco-y l : 


tR 5RRT dlH^edl fepTfa Hail 41 §M^ft T=TTi%cft 3TFFT 



^WRRTeit 3TT%cT. 


^R^TT fd^-Hld ^IcT tffcfH' RT\T?cfi TRRRT 
dldN<u|li| dNIdl RC^T 3TTfw fejcT 10,000V 

TJcf% fRRRTdT tfRH^TT 4t#T fd^HM 

dllHHIH ^4. i\ d^HrblHNl} dMI-Hc-MI-H 

3TT^I ftaft. RT d<ddi4141d RlM 

3H Icooid Id 7 X 2 , X 3 ... dlilHIul. ^T ?ifk cT 3TT^!I 3Rt. 

dulHxflHIHlH^ ^ RT d< J ldi4l4 RK U T ^ ^STT 
W^HId f^TcT. 3RTT d^ddldl ^ (Line Spectrum) 

3TO J-^ u ldld. dl^cdl W^HIcR cdNdl ^T d^Hcil 

=bl u lrdl RTT 3H-H l°d Id % 3x4. 
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3T«TRT dT RTWTft 

%RT. cdTRT 3W 3H Icooicrl ^ R d^ddld -dKMM 
^I^IcA TC xn^n ftdTd. 


R RTdfdR =b< u ll<1 TJcft Tffe 3ddo4d1, eft 

ftwftsr TJcfd ^rfoicft ^nft diftddl ftcTRT. 

% dW<d RJd W R. 

dufadldld ^ft d<J|eii41 ^ ^pftt TJ^ 3ftc5R 3nft, 
cRft^T dRdT 

C ftd 

■ftt 3 tel 3#. 


u = 


A, d^idi41 
RTR/ft *J5T 3Rf 3Tlt: 


TOT U - tf* 


(.' :> 


i?* ^mftcT ferft f&Ktt 


rij < n 2 


(a) n } = 1^ n 2 =2, 3, 4,... Rft dldHH %5cft. 

(b) n 1 =2^ n 2 =3, 4, 5,... Rd W feeft. 

fc; n 2 = 3 ^ n 2 =4, 5, 6,.. dFT WR ffeeft. 


(d) n } = 4 cT n 2 =5, 5, 7,... Rd 1%£ TW^T fedT. 

Mft 3TTfoT SP^dNdldld fdPlHdl^ci % 

IftdfoT ^dTd. 


dmi-oill ^Ml IfRRWr arxrj^ft Rftfty 
cfrit dUiddi ^t ttcr zrgm^r #dT. 
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( 1885 - 1962 ) 

3TRTT 3TNrft SPjquTTcft 4k 

Qui| 1^16)41 44d4l'0 wt 3^4. H KM r<=h ^Rmildld 
HU<rMl ^IdVl Robed HI 4kk wlobKedl : 

a) -H M I d i H I (Systems) HKHlRob 
4lRl^lldldld ^4 fWT ^TT^H^dld SRTt M 4cTT 

4cr ttitI'. 

b) wt 3TOcTTcT. V dT kkkdT MIKJIId dHlfdS 

/i\) feT cdNdl d4k 3 Rt4. 

E = hX) ...Ji = '-dbbdl ksRRb. 

c) 3^ 3nfq dnk dkkr WfdPwdid mk 
3TO^TRTK# dlddld. 

kkWRTkt 4kkf d^rb kkTT tfkbfSTT SpJJdT 

Rmk %dT 3 hiFm 3RT ^dldd 44 

tfHRWr 3TirjlT«4 SR^TTkrT ^cblkkfeft ftb<U|Kl 
$dcK.M ^R RhcI (Allowed) d>4"rT 3Rkr cR 
edldl 3 vjTT HedFdd cbddl cHHIUlK RT#. 

dTcT M KM I R=b dlfdob^lldlHSTT 4 J lod»MU|| <*>^1 3^4 

3TTfq 4t cb^ll^<4 3cd?T WTT 3Tlt 4 3Tm 

dT: 
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1. daSTFdT 3WH 3}fefecM (Continuously) 

dfet cR dfedMu], d-'didN (Discretely) W^WkTT. 

2. RW <Mfec«H4dMI HKHlffe few 

dWt. 

$dddH ^TT Wd’ ^Tlfefe $6edldO ifefdd 3R^ 
?T%dT. 3W fefefe dfet. 3TRW fedKfe 3RTW 
3# t 3TNW 1TRT dRIddl 

3TRTT RW cR^TT W ? 

dlldl6l 4fefe ^ife^dl ffeufeMM 
Wdfe. *-dfedl fe^Kfe 7?' ^T dfe4 (fed did) 

6.625 X 10' 34 joule-sec. 3rfe. ' h' 

Mdidi joule-sec. % 3rfe. 

tffefd WdlftcT fe^Tdfecft J lfdl=bK dfefe 

fe<u| M| ^dddM^n wfefcT 3dfe joule-sec. 7T U7-7-ld 

dferdT srfet tt^vct mf\ few fecft. eft fe4t sfekdMdi 

^fefer 44 m. (angular momentum)! 

m = ife^fefe d^HH 

v = $4ddHdl fed 
r = sfeldcLH^I ^fedt feWT 

h = udfedl fe§Rfe 

1, 2, 3, ... n = ^arwrfe 

fefefef L dfe-cdl dwfe $4d<iHdl ^fefe fefed 3RTT 
^41^d (Quantize) fed~f. 

^dd-dMdl -dsbld #T mvr= 

2 71 
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hkhiRch fcRw 

3#. 


3 


WTfT (related to a material particle) 

3T^ft ^ <1*1^1 IWTfcT ^ft^cT 


(Quantized) ■frd^HId 

— — — 3TOT qdW^HIdd 3^aid. 

_ ? _ ? ••• _ O 

2n 2 k 2k 


$dd±H ^R^TTftcT fepsn 3H|ch^=b stdr^TTcT 3TOcft. 
TOifa ^$TT i^TOt TOifa ^ft y'^INl 

w! 

W n = 1 . fNt £ y 3TCft 

« = 2 3TTi% £ 7 ^Fft 3pft. 

E.E,E, E- .... E # ^T^TT 3i#sft SPFteT 

1, 2, 3 7, n 

3TTfoT w’ w i ri%cfr, fcrcrtt ...« swi^roff 3 tot 
d^lfddl %cffeT. 

^ft^cT (Quantized) ^sFfa WTTOTT 3TT%IH « 
sbHhfch^l TOTcT ^FM TOf^TcT 

3# 3TRoo5<^ eft, 

* 

77 SFTOF 52 TT TOTcT ^^cfteT ^ddMdl En = — 

R* ^JlftcT I^RT^ 

h = TOT^IT 1?SRT^ 

77 = 1, 2, 3, ... n 
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te^T ter teetel tem te|n HKHlte 

tewiwmT nte mm ten mte mte ter tern 

mUF'H (Quantum nature) fteR dv^H M,«=hl H°dl 

nraM w mcmn. 

p h R* 

ter te ” ^ 3TTfoT ter entente 

term ftete ten ten; teteter ten te mnn; Eg 

Item ter. 


Item m^te tete ^ termite tefa 
te mten E 1 mr niten ^ter mter. tet fte mm 
m^Mid m teten mte tenrnnr mr e 2 e 3 , e 4 zm 
^mtetete mte- 


term (System ) ttemn 3T a Jp3'cc|3r)'d[ 

tete mte mtet. rnnj^ e 2 e 3 , e 4 zm 

tete ^ter ten d'-'-did'-te 
£ ; m ten tete ter- 


w ^mteftete £ /?y 3 mn te mten 
tete tester tete te cr iter? m Kite 

E m - E ni nte te m^jte ^r^mn te. 

te w temn terten ymm ter. ter ter ijter 
te, ^t mtemn !>iKU||-ci]i m^Mid m^dte ter. 
mtet ten \) tet ter. 


te 4 H=b 




T^rp U = 7 ?* 




mte Eg Item ter. 
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dt=b<i)efld ^Idl 4l*<dl %RTT tddd (Bohr's 
Frequency Rule) 3TTT <-$ u le1le1. 

d=FTTdt dT^dt dddt %CTdt dtt cKoWufl dd^t ddd 
IddeT dddtrT dFRd ^d 3TTfoT ddeT ^dcLH dT 8 cTT 
dT^dRftd ddd’ ^eTddT dftddT^ 3TTfd Wdd 1 ^ tdWd 
W t %TddT dfdfdt# dTd^ 3Tlt. 

dt^Td edTEdT 3|U]yU||<Hl^U ^FT 3TU^ 3TTfnT edT?|d 

^deTC 3TUjy<icb dTd ddtd JlldVIld ‘^ddidVIl^’ 

(Quantum Mechanics) dT dTTTdTdT m<4i micicii. 

dl^cHd f=bdl c h dd 3T^dT dWdtdt dT ddtd dl^ld 
Wtdd %^t. dT dTTdTT% d^d^ dfd^if ^jdd Quantum 
Electrodynamics % 3TTdT fella el 5Hldd 3TT%. fdd~2 

dfoTcft M4d Td< 3ddTftd 3TdTT dT dTTdTdT WM 3T'£dRT 
3TRcdTdT ^§t dddt dTdd dTdt. dd dTeftd TJeT^eT dddddT 
'^ddt dTdd 3TT% ci<=l<s1 3HIH u I dPT^d %5>. 

dT ddtd dfcfdWFt ‘dTddfdd dd^ddd dddd eft 
dCfdT H-Hdld’ 3ddt dtddTdt TJddT Rcrldl 3dt. 

3TTdd dt dTddfd% dd^ eft %ddJ 3T[dedTdT 
STTJddddT dtd dddTdt dT 3^ll3 3TTdd dddWR 3TTdteT. 
dd^fddeft^dT dT dtefddft (Models) 3TTdd. ddejf?deft d# 
d^t T 4 UHH 6 dT^Jd 3TTdd ^T ddtd dddTR 3d^teT. 

dtdddT d<l Quantum Electrodynamics dT dWRdtd 
dttefddlW, ddTdddTM 3dfd dtddTTdT dTeftd ddddddJ 
dd dddtd (Phenomena) ddPFdt dTStdddT tddd 3TT%. 

dt^? yuiidt dt 3 dd cpjddidt yuiiHlMSd arfdd; 

ddddftdT d ftddTdTdt dddt 3TT%. 
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?? 


JJlfaftfefi 3P>£ 





cMTWt 3T*J£T«rsNt yuinl ^ 1913 W$l 

^Iddl cMWRT 3TTSft W MWR W 

WR£BT 6lcfl. 

tffcR spjjsiT sRwrftcr %^t% 

Quiiwicfl KWli W IcRRt ^T MWtW %^. 

^MHH ^Kcrlc-MI fd^-HId Hailed I M<W 

M^R cdT feslIciH ^WRTT ^wNn T^Rfa MRTR 
%RTRMT dWIMI 3T«TRT ^edld< Rft% 3# 

3TT^c5^ - 

MR lix 7fl- ;9 <JRtW 

(i^W% WCf^C ^ddH l^ddM MW SRRR) 

WRpR lix 70-^tf. 

%HTT 70- /5 #.Mt. 

% MFTTW MWT T^W# tffWMWt %3%! 1914 M 
WF^ cWRT Mt^R’ % MTW f^T. 

1919 M ^ 3R£RT ^=blH^R SRWK 

STTCW Wrt’ SRTl^cT 3RT ^=ld<ri. sTldHd 

d^HH tffcRBMT 3R£RT d^HHI$dd^| 3TO^. 

MTfcrfMte 3WJWt MfcfcRft ^ fepRSM Rld^d=b 
MteT^T W isldddl^ ^ J l^lcodl bf$TTW^ ^ww 
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qqqTTt 3Rft Wft. 'CRT 3MT SFjq 

dlWdldcdl SPJJSIT ci^HHi-ciii 3T^ qt%. 

^ WFt^TT qfcr^TT q^fq ^cft. 7920 M cqFt 
^Idd 3t, qdaMdai qtZH U.ddRjM d'tr^H M 1^ q^ 
qqiul^d 3qt q^T %qqq% qzq^ sfwr qrfqqfq. cqjqT 

cdl^l ^h’ % qR fd<rl. 

i9j2 M q qr qnwT^ qT •^iT^qi qftq 

dNdi. qT -idl-qq srct: 

qqq - ^q 
d^HM 1.6 x 10' 24 q. 

(SlldHMSTT f%fqq qT?cT q^TTq) 

Iq^qT 10- 13 ^.^ t. 

3TfqT PlfrlPlfe 3T0J^ft pfd^dl qqR wft, eft 37qft- 

1. %qqqwr z qq% qfeTqr. z qq 37^37^ wma. 

2. %qqqwr jv qq% ^rt. 

3. %q#q qqqqt tj^t » z = z + n qMT 

3HUjc)^HMi=h J-^uidld. 

4. feFRT^ Z qq% $<rldiHH ^l^lcodl q^$qq^ W 

qqqiq. %qqqqT qqqq feqw wfq^RT 34h*$i<y 
dl=hdld. cdl^ 3q^qqqqf%q qraeft. 

5. ^mlfd+Ml 3TmKTqr qtq^ 3# dNsMri ^t n 
qqriqq^qT q^S^ qiwld qqRT 2n 2 qq% $<rkdH 
qqq^iqdid. ^t q#qt 3rm q^tq qqqq 3qqtq. 
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6. ci^hh wm arafr. 

cR^HHIdl 3TNW Ttfffi (Atomic Mass 

Unit) amu 3RT Hid 

A = Z + N = 3H U J^I amu el^HM. 

A 3TOcft. 

WTCT% T^j arm sfl£Hc|fld 3PTR % 
iil^Mci-Od 3mK +1 
$<rkdHcKld 3PTTC -1 

Z = spjj^sn ^cbldOd WR 

= 3TOJ^n isWdld uldkydl WTT. 

Z^T %*ft 3RR TT. 

Z ^=Mdl^0d ^ZRT^ft Wn. 
TV Tin' 1 5 r TfnT 3RRTT. 

A ^v 

7. X 'm 3T°J% 3TO ^FRcM. 

^5TT 3TR7£T an^dRHRF, Tsllddl 3TRF7ST 31^3^. 


7 ^ amn ■n^nt hh^ cbddi arr^^rraT 
ddcbld arfilishill, [^llfirfllPwi cr WTT-mAcHmt 
RTF Uc|(Jd l^dld R^FT. 

3TRFm mfdfdfe 3TOJ^fr # yfd^cfl 'WaT ch<ui|ld 
d<l«Kd WFti, ¥FR<fe 3TTfoT ^cR nTTW^T 
rwt 3nt % arm ftw R#5t. 

1915 RTTFft RTRRTF^ 3^ ^dfdcl 
jfldlchK ^Wk d«Mc|^o4|cbK dT$TRfg[T WT 3TT%cT. 
THIMcdl 3T«TRRF^dli?W-ll 3F«TTRT^RR 3# dddd t[FT 
- 
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n 77^’ V U.d^dl gqw 37777^71 

Hlfedd. ^T ddl=M<, 4t4d^fW, 37fdddl=bR 

3MT ^TTcT. t VW ^ffd>JdWI6l 5 , p, d, f g 37?TT 
37STCMT W ^77 °i?lddl dHIdl, eft 

3777T - 

ns - n s^di^ldl dldl^K (sj ^$TT 


np - " ddl=M< (p) 

- " dl4ddl=M< (d) ^$TT 

nf - " 3Hfdd<d|chK (j) ^SiTT 


37ldm4d cR 3TR U T % R^teT dlddl 3TT^tcT ^t n 
9bHi=bNdl ^^efteT 774 ^dddhHdl E n RT^t MH 
3#. 


7^4 37T7? 37T7 RTlft 3777 37T%. 


fepmfacft J fldl c bl< ^^4 %CWRTT ^ddlddl 

^5r5ff E ns 37t 4 377t £R?\. 
ddl+K l^ddiMi 

$4iddHdl 371+4+ 
dd+sUMI^H ^ ^n4 
WT%. 377^ 4l u dWI6l 
c5TP5ft §M?ft 
^tt m ^4t. 

ddl+K fdddd ‘3TR<T 

1cRr44 ^rm 



W zn ^TWf cll^dJI ^dfshUM 


Ens, E up, End, Enf , 
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arcft ^cft. rt 

3Tm 3RP 3RfoT 3T^ #5RT ns, np, nd, nf, ... 3T3TT 
^gqfeqT ^TW. $<r)et£H d>lcdl «=h|uiri|l 

3WRT 3Rt % ^R^HTRTT^ RT ^VW. 

3TRRqT qifdfnfe 3R3J^n 3TT«Tft 3HNedldl ^FRRMT 
dialed 3T«TRT RJcW T^JR 3TNW RT 

RRWt (cfW) cRTK ^ RT. t ^MT3TT^t 
RT. sT^R ^ RTtR^jRg RHt XEf#q 
^ddH^l) ReW 3MT 3R3J cffa IRff% 
Jj ) 'dl c b< u l (Quantization) %RT 3H lf*J| n sh H I °h I I dviRR-R 
^INrdld RfRcT 2« 2 Rcf% $dddH RRTT^ i!l=bdld 3# 
dUsMcrl. t 3TRFT R#R WR 3TT^cT. 
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c&STT-^qc&STTcft -H iRuH 


y<Sd dHchJyi'cfl dH=t)^ldlcl 

W #H -411-dld ^fTRT I^RT^ft 

wn #n 

11 Is 2^2 

2 2 2s 2 

2p 6 

. 

3 3 3s 2 

3p 6 

3d 10 

r 18 

4 4 4s 2 

4p 6 

4d 10 

4f 14 

' 32 

5 5 5s 2 

5p 6 

5d 10 

5f 14 

5g 18 

r 50 


1. 3TcFfcT ^ScTT dKdddld. 

2. ^t sw srcfcr? 5s ^tt 4f 

^TT ^THFcT 3^ =FT? 

<dldl dl^l. 

3. W] W-3WTTW iJ.chfdd f^TK ^ifsW 

^cTT ^T? £kifd=b H^dl} ^TT#\ 3TOT ^5fta 
^T %^c5 ■^rrfrfgcT 3TOMT WtcT. 
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3Hldm4d 3TTW ‘3^RTTcff 4m 4=heMHI m 
4cT^T. q^4 fd^lMIdedl 4=beMHI 4k WmTRTT4 
- Wm 4dWl4 y4 J IMI 3TT^TR 4m 44, ''FT 
‘^^yuneiV'dkr wm 4gm 4mRkrT4 mftkim 
mron mrmq 3 tt%ct 344 ^*4444 q44% w f4ms 
3ntcT. 3 mt 4tf?4f4 w mem 44 4 3TT^4kmwfT 
^TTWRt dKsMe) 3n4. mN^RTTm? 4m =h<dMI 
3TT^4k4 444 f WM (Thought Experiments) 3TTOR 

4dcTT 4dl. 

4m 4 ffht 4k wmrrakt 3rm4 4i4t 4mkm 
w mm. 4 t^t 4 kmcmkm 4i4icodi m44 krmK 
mm4, ^ f4m 4mfe 4m 4m4! ^4 dNUdN 
‘4444 4 rt’ 4k4m 3 tt4t. 3rmmT 4mfe 
4mm4 3rm 3Tnrmn %4 ^4 m^m! m4dm 
3TRmr 4mrkm 4m m mt4 mmk m44 4mt rnmn 
m4 3 tt 4. m4 3TNkt rnmn m4 344 4 3rmmT 
kmimi 44 t m4. 3rmmT 4 o4ni 44 3tt 4 mm 
^chrdN Hll^dl QdcrMl ^4k 4=hrMHI 3TPFTR 

mncT 4k ^m4. 

3rmm 4m4 m 34? 4 3i4 4t m4.’ rn^y^di 
37^4 m4mn #q444 kmT 4iten mmT 
m mm4r4 mnqmk wt4 3 to 4 mn4 mfmft! 
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# cR 3TT% ? 

Tpwf % 

pKPklcodl M4dlH fddRd Wt^T $dddMH ^ dlddld 
dld^H 3TOcTTcT. ^T. ^TW^^cftR i^ddl TjcR $dddH 
%3R dlddddl 3TO^T tffcR q 3^=bd1 ^fRJ% 3R^ 
3dq WW (Reducing Agents) 3ntcT; 3TRRTT W^^Td 
^TRT $dddhH ^HlfdS =h<lddl 3W^ 3qffq*RR 

3TTf&T %#3RT# 3 ^^tW 3}Tf%st^K^ (Oxidizing 
Agents) 3TT%rT ; 3TPTc^TT W^^RTT ^dddl^-dl 
^T^cT $6dlfe ddlddl RRI H-Hcrlcrl <Ndl^l 3R^ 
<Ndl4dl iWldfdd^ddl fdf^d ddddld 

z X ^T 3 TRRT ! 4 lfdftfa^ 3 R^ 3 Tt|. RTTRT 
^ RT ^cdd) ^dld ^Tt 3^1% ^ ch<|i|dl ? 

^T <rl^HI<id ^ 3T§f IdWT ? ^fT 3RJiM Tjcf^t 
^T (SlldT-H fen ^R) fet. 3T3TT 
$ 6 ^li ?1 3 RJRJ ftfe fefa fet. 

3TfdT feTK ^ ^x ^T fe^MI. RT feR 

fet. 3Rjn fel% fefe 3 TOcTR fcfed $fedhH 

3 TOcTTcT. ife RT 3 RJcT feRH fet. S^ddld 

^X 1?T Hisl. iFr % Pd-6 <=bld d^fe 3TTI> ? % Pd -6 
d^Hldi=h ^ 3wfeft, fej 3PJ3RP ^T Rfefe T^fe 
ntfe HWcridl 3fe ^ q^3TTt Tjcfi ^r! 

■^dH ^T 3^ 3TT% qTT ? fail'd TRt. ci°R cdM crl'tsH 
3TRUT > 3# qT ^dlddl ferofe 3fe[Rf 3nt 

qq ? fe>. Pwdld qfe IfeTS fefefe Ht=hai| fFreej 
^R 3^Rfet. 
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H^isl°h u l (Material Particle) 3TT%. R ■-'^dH Tjf^n; 

(Stable) 3TT% ^TT ? Tfiff. ^TT ^JdH% TsIldVl 
sTldHH^ hRc|^H 

1 1 0 

«— > p + e 

O 1 -1 

SlldHd 1r[W * T 3TNUT ^37^%^ 371%. 37TRd , x 
37^ ^ ?Rxft. 37frf|^cT ‘Mot #RTT ^c+dM ^T 
Fd^H d^fddl 37Tt. 

3TRTT 3TST ‘Mot 3777T ^cft T^UT# ^ftdH ^ 

^)4dM mt dkdlail 3TT% ^T ? 377^1 37fR%^T 

^ 4)^1) ail 3# 3TTt ? ^TT 3T#dt 

drft 37f^Td7cT Hl$l 3Ht>n 3TT%cT. 

^JdR, 37tdH 3TTfoT ^c+dM t IWTfcT 37T^mft 
din *^1*JcT di u l (Fundamental particles) 3TT%cT. cdid 

f^rf^T 3Tr%cT 3TTfaT 3TTjj^H PlWcfld % fcF^t mT 
3^c)^|cb 3TTtcT. 

^T 3Tf^Tfw^cT 'W^T 37tdH 3TTf^T ^dddH % mT 
^SR 3TT%cT ? #7. % mT WS ^§R 3TT%cT. 
^dRT ^cbW^ Tjf^TC 37^l=bdld, m 
^dhH 3Tf^R 3RRTRT. 

^T Fd^MI 37TdT 37FW fmK ^ ^T. ^ 3TNRR 
^aildl T^dld ^tcT 3TTt. 

\ x A = 1 T^T# d^HMich TJcR Z = 1 W 1 ^ 37^37^7 
1^1% 37^dedl sIldMdl Wfj TJ^7. 
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UISfaeM STXJJrT^TT ^^Rpsft WTT U=F. 

3TOT 3}^d>ldl ? 3T§^ 



%^5 U=R fe^TcT 
3^e)dl 3TTfw cdl^-ll ^cft 
7^ ^T J Fldl c bK ^cT f*+)< u IKI 
M.drd $cWdH 3^ ^-sldd 
SH^-cj Fdd 3TR U T chisel 3TF%. 


xrf%oTT n^r — % f%r^ 

!4H|U|M<^H 3TT% ■grr ? 


Wt. Mdldcdl 7mm ^TRTPSTT Mf 5mm 
<=dWNdl $<rkdMdl 3^d<|cR WTO|^ 
3mm 6dld^l T^T% 700 Tt^z j] 3^m ^iT^ 

eTFtcrT. W 3W£U 3TT^7R WHW 3TT^RTW dKsNd 
TTteT 3TTt. 3TN^ $6<rli?1 ^HIUIN^H 3TOWR ^T?t. 

^ WR 3HIMedMdci ^cT. 


W\ ‘sp^cRM^I ^^755 3TTt’ ^T f^^TRMT 3T§f 
fd^-ddld^H 3HIHedldl 'Tfe dic^d . 


3TTWft 34Nd-lldl 34^fdddcb y+d-HI dfe 
4WdMld TJc^JRTTCH' 3n%cT. 3TNd4T XsjoiMI TJcfi fwi 
3TFPT ^r$M ^ ^TT. 

1. ^ddH J ildl°hK cT^sr ddlchK FUdld. 

2. ■gXsXT W sMHi<=M^<£4l 3TOcTTcT. 
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3. J Mdl c hl< 5 ^TT 3T3TCFT d^ddld. 

<$dl. Is, 2s, 3s. 

ddl=bl< ^rScfr cRTT p, d, f ^ TT RSTCHt 

dKsIddld. 

^T. 2p, 3d, 4f \ 

4. ddlchK J ildl c bK 3W$Tft$TT 

‘3ftZR, 3TTfoT $dddH’ #5R tejrr 

3TNR 3TNRTMT ^T cRTT 3^!>|fd^d1 sH^R^cTt. ' C FT 
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Pi’<rl J iTdcrfl dl^rdddl - Pl-Hdtd RTT SRJ^fcdcdld 3nt 
Rt - TOR 3TTfoT %TO5 TOTOd 3TRRt 9fd<£d1 RfR 
3TTt 1%dT FRt % 3TRRt ufd^dl Pl«HdTd 3^rMl 
3RJxft 3RfcrT d<d eft Hid £l|d.’ 

3TTTOT dddrledl 3TTJ3TR TJcft 3RRRdT tfRR 
3HU|!>|fd^dl^ TOd? PMrHlfd 3RTT 9fd<£dl3 Mr %^TRT 
3R^3-|fcdcdld 3nt. epR-3TO*idl TOfldt 3RRlcTO 
^Nd TO 4d£°dMI R 37^3TTt. yfd^dl TOd! 

3TTTOTO TO ^JTOdT 3dlR=b ^oildl §M?ft 
^dodd^ldNl dftg %3T TO. Ridded I 3^yj^H| 

TO 3H|chd1dl dRT TOS dSWT (7 Ply #RT 9 Ply 
=blidlid<) Fd=b d^ TO 34l<*d1d< WdH TOd% RRd 
TTRTO dTTOftft ddcodl isWd< TOP^TO. % WT 
'd^TcPfcT iildhH. T?cR fttdR, dR TOR, dTTOft! TOd 
M4d1d TOdl^ eJRi ^dR TR^ dRR d TOdl^ 
iRd eJRt $<rkdH TRJd dTW. 

cblidUdT Ift^R xft yfdd>dl Rdft ddcllddl? 

ddcodl fefdcT TOdR TOR RRuftft ^Hdl. R RTcTT 
d^ddddl ^ddl fttdR. 7s TO fRdT 

TO dTTOftft TOPdRT. R RTRT 75 dT TOR^cT fdRTOa 
9.$ddl TRT RftddR. 3TRT ftcftR tffRTOft 9fd<£d1 d"kld< 
RdK RTdft. 

dTWft 3TRRT troTR 3TRR ^aiNdl TOTOTTd dl^ldT 
3Rr^TO. 

3TTR 3RJ3TR ^MI^H 3RJ3TR cftdd^ RITOTT 
3RJ3TR dft 3RRRdT 3RJdt Ridded I 34l<£dl9HI^ 
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-e 


ifld-H «r RTWRtRTt 
75 R J fid IRK RfR^cT 
fwrft cfa ^facRR. 3 T^fNr 
iifd«j>cfl Rtefai# rt^r. 
1 ^RT% sfldhH %sRRf fcRT^R 
5dddiRi rrrtriK;! yfd«jjxfl 
s5R 3TTI>, RfT IwifcT 3RTT 3R^3Tf?RRR Rift ct°R 
!>lfdRdl 3TRR! T?<R 3?RR R TJcft $dddH RT^T 

W. 



RTJRR 1 R^T 3RJRR 2 R% RR5 RZ gR 

Wt. RT §M iMt RR Rt^R. 

yldH-oiji ^Mrt R. R 

Jjfd^cfldeR 3 RJR RTJRR 
fRcft? RR TJcR. RTg^ 

, e Is R J fid IRK RRSRT 
IrRTKT TRR $<rkdH 
R 3T0Jcf 3TT%. ^kfR^t 
cblocrMI fefRT T^) 

2 RRT - ^JdR R^R. 

, H 3 ^ 3 R m, yfd^dl ^ f ^ 

mum 3m 3 RJ RWrcIM 
3 TT| RT? 3 TT|. 

R 3R> 3T% R^Nh # RTR WS 

3TT%? ilfd«J>cfl ^ffe RTT^R. %sRTcT SndMHdl WT fRcft? 
RR RR. TR1% 3RJRR RR. 3RJRR RR 3T^RfR RrR°d 
RRRf? tft^Rl TRT% R tfRRRR RR M. 

Pwifd tft^R RRifd-IH RfcPM Rift RTFTTcT 
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3Hpdcdld 33WT. ^TT d^HMi=h 2 ^ 33^33^ 

^ ^TZ 'HN-sdl! T?t Xf>^ QdrH ^ITd' % 1 3Tl^'d3. 

^p=bld XJcft 3TtZH ^ d3. 33^33X3? n 


3T^T# XT^Ef! cdl{3ci Is ^T 



x^T% IWTfcT cffa 

rxri% rfxiz 3# srefcr... 


J Mcdl=bK i'-ld-^Td f^h< u l Kl 
XicfTET ^cfiH. 

4kP< ddcodl %^XTcT 

XJ^ Pi oil -^dH <*3r> X-^T% 
3HIHp ddH $Hp. 

P^lld ^T 33\3Hpdcdld 
3TT% ^T ? #3, m 33fcPM 
Wf WWIcT. ^T tff^R^TBT 
d^HIdich 3 ^ 33^33^ 1 
3^ddl fdPdHdl 33^ 

3^R 333TcTTcT. 33TWdT M4 cflP 


1 

H = 

1 



2 

1 


#= ^dkdH ; 


1^3 

1 


Xffr^T Epup- 33T% t chVlld^H %^5 33^33^1^^! 

yldP-Hdl TTXIdT dVNUIKI 33TJJ33EB XTcFTET, tpn 
^dT-Hdl TTXsdl %HoSt 333TFXTFT ^Ujd^nich 
XTTsT %TT^T 33?TT UchM fR^IRT 
33xrpT Uchdchi-dl 33T3T-STR% (Isotopes) 3333 J-^uidld. 

33m fvjtoft cftd 33X3^§TH% MlM. 
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3TRTT WfT 3TF m\ ^TT^T 

3TFT# d4ft 37^ (^T RtR§TH%) ftoidld 
^i? RTftt. 3rm 3RTfa %^n 3rft. eft ^rtt 
% w. 

WTT 3TTfaT ftdhHdl WTT 

^tr j-^i^d n : z% dftt 3r^j3H=hi^i 3T%^ 
#mmwt 1:1 3Rl 3 Rt 4. SPJsNfl dT^R %T T^T% 

% ^afftR ^TSeT ^TSeT 1.56 : 1 dTSeT W. 

N: Z % ^TtrR 4t^l dWt^t 31^37f?§R 3RRTRT. 

diftdi nRcjefn ^t^r 3 rt ^d^idl Irr 

%£% dddld. ftftdHdl 3^3lf?SR 3RTeft. cdNdl 
d^Sl c hlH^ftd' i^dd '^dHd ft did 3d |fu| ^ftddH 3RT 

HfWd 

1 «^ 1 / , + °e ^t 3#rfsFRlT 3RR 3RTteC Mlftdl 
0 1 -1 

3#ET. ftftdH-cdl 37T3J# SPJSRl 2 3RRIR1T 

ftfddH-cdl 3RIJCT WRR ftft 


3 3 0 

H ^ He + e 
1 2 -1 


RT y child qRckft RuF ddebid ^TH. RT^T 
Rftf^sjeftdT un yRckfticii fzmt eRTwr ftiicR 
ch I ft ft qRuim -ftrT Rift. 3RT RftdeTTRT 
ftRufirHlRdl (Radioactivity) 3# RTR 3TT%. 


3TTdT 3TRRTT lifeRT 3Hldm4d R1R1 R^t dTdT 3TRSWT 

RT. 3HNdlldl Idldld Rt^t HHdedl 3rftcl: 
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1. HI°ho4l (free) ^gR 37RRT. 

2. (/ree; 3 MrT ^ $d4dhH WS ^f*§R 3777cTRT. 

3. RRRiHcbM) 

4. %RTtcRTfRf% TJcR RRUT. 

37F7cRT ^TR 37T7R 37TJ37R 1 RRJR 37TJ37R 2 R?fcT 
WfaeTT 37T^cT. 

■fef^RRTRJR %RftRTTft^g^ RTrtcRT f^fcRTRSTl 


37Ujcj^HMi=h 3 ^ 37^37R 2 




37R^eR 37^1 iff yfd^cfl 
RWcT 37T%. 

fpRW ^cbW^ 
TR3 R^R 'HIHld 'R. 

37^4^14^... 4 

37^J3R3 2 

ls^W^R 2 
$d4dRH 37T%cT. R 
IwifcT RTRSRRT fefd4H 
4d£°4MI cR^HHi=h 
4 37>He)dl 37^cR5^ 
ijfd'jbdl RTR! 

4klcR 37T7R 3 He 
37 1 fu| 4 Hc x 4 I RfcfRcft 
R. i%fdR7 R 
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3|_j e ^ f\ 3Tr1w ^He ^ 4ft ^nF§TFf% 

3RrdTcT. 

3TRTT TJcfT W ^ff^T W 3TTt. tfftFTORT 

37^^ ^R^nftcT ^wftcT #Fftft RT 

10- 8 TFT.ft. F^TT 3TOTRR 3Tli. RF RT JlfdHIH $4idcLHdl 
4t#?4ftr 3HI=b^=h ^TR lCftft/ft. FT 3TcTTT^C Tftft 

3#. 

tfdWBFT oh^ohlH^% RTF 4ft SFTRTfTO sTldhH 

q.=h^)=biMI^H FRF 10“ 13 ftftt. FcTFRT 3TOFFR 3TRft. FT 

4ft 4ldMHHFftT 3^4+ FFT % tft^T 3^dedl #FcftT 

4ftft 3RFftFT FFTTFSTT (F=F RFR FFft) q.c)^l F^ft ^4; 
Tguftt RRF RFg ^4. TFT tfdFF^ %FFT ^ft§TC FRf ? 

3FdlH4d 3RFF FF 3nfq FFF FRTCTOFT TRIFftcb F 
3ffl4 ddMM ftpFF; %dT. 4ftft 3TTfF t^^FF FT 
%F#F FFTF^ft ft^dld ddl^TI ftFFTF dftdK 3# 
3TTFFfe FFT FFF F^ft 3 Rt 4. 4ftTF-4ftTF, 

1%FT Fftft-TTJ^ft FT $6edli?1 fMf^ 4 % FFT 3Rft. FF 
% RTFFFTF: 2 fen 3 x TO 13 ft.ft. FcTFFT 3ft<|<-|4dF 
FFF FFcT. %4ft chuiin^Wr 3RR FFftTT FTTO $Tl4l *-6 u l4 
% FcT F£F 4ft. 

4ft chid ebUlWSjftr 3TcR 3 X 70 /3 ft.ft. 4&TT FFTt 
-ft^dld ddl-oill FTRTF3 ftlFdK FUdftcb FFT 

-TOT 4d.cbld FFT T^uidld. 

4d4Tld ebUlinsftH 3TTO 3 X 10- I3 i$. ft. '4§TT WTO 
-4>SvChlci cTFT fjto. 


80 - ^ u ft 3Hcl< J i 



3HldlH4d 3TTWTT #c5 W ^cd^MIddl 37#. 37Tm 
3 7^37^ 2 TrfcM meT TTKrft 37#. ^TT 37^37^ 3 

37m 4dddd 3 ^ 4 37-Hcrlc-MI 37^ 

yrfcTmcfT ddcSdl 37#. 
H#cd I ^4 «j.h 

f#cft 377Hcflcd? ^ 

4ft. t 4tft Is ^4fcT 

3777cf^T. 

37T3JcT^n TJ^T 

wn 

ftdl? #Td% d^ddd 
4ftH7 3T#cT 

3. 37U|dr4l 

TJ^T ^dddftHdl WTT 
6<ddMI d<^ai| Mm fmK %dTM MT## ? ^T#t. 

faddd 37^37^7 #RT% #dftft7 37^*4 ^4cT. 

37Td7 fftiWT^TT 37U#ld fdTH— Ml $4lddHdl 4#ldll 
mfcT 4dld4? #%dt ^$TT Wft 37#. fft^T ^RTT mft 
^4 4ft 2s ^TT 3m4cT. 37m c^TTWft yrfcTfTcfr ddddl 
37#. ^ iWT# 3777T 37^37^cfr^TcT 37#, im% 37mft 
ftftfftt ^#47 37#. 

3TTd7 fftiWT# #7# 7#m ^fft fdi?ld4. 3m£ft4T 
^STT *n^77 fftft ^criddhH 77HT#S 37#cT ft WTT 
#f1W7# 7#m ^fft 37#: 

Li - Is 2 2s 1 
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WfR 3ft, 


3^3^ 4 3WRR 
ciRRddH %^TcT 
4 tfcRRW sftsR 5 
^RT. 

XJ^oj $4kdl-H4) 
» 4. cdM 4ft Is 

^TT 3wtcT X* 4ft 2s 

^TT 3q^tcT. 

IWTfcT 3|ftMld 
3Rftft2fT ^TT 3T^ tt 
4ftf yfrl^cfl. ttfiftwl 


2?e - Is 2 2s 2 


3R]3ft} 5. 
4<rlsf°d tftft. 
4^14 ft 5 
tftft ^ 5 
^R. %^TW 5 
^dddftft ftcTRT 
3ft 

!°B 4t#T 3^W(d<£dl 
Is 3wtcT 2 
2s 3wtcT 2 
2p 34^tcT 1 

4kh 4 WFT 5 - is 2 , 2s 2 , 2p‘ 
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^TT <jfd$<n OTT52TT % 3TRTT 3TNR4T RISTRT 3TM 
3#. 3TFFT RRF felTW WftZTRTRt 

WfT 3TTfoT fecROT cT^TTrT %3i. 2^sl«=hlH«ftcT hid HI 

Cf ^HT 3TNTWft chlod'sfl 3R3 


3TFRlt ^JT# ^dsH-li^l 33^ WPt 3TRFT ^TT. 


Carbon 

C 

Is 2 

2s 2 

2p 2 



Nitrogen 

N 

1 s 2 

2s 2 

2p 2 



Oxygen 

0 

1 s 2 

2s 2 

2 P 4 



Fluorine 

F 

1 s 2 

2s 2 

2p5 



Neon 

Ne 

1 s 2 

2s 2 

2p 6 



Sodium 

Na 

Is 2 

2s 2 

2p 6 

3s^ 


Silicon 

Si 

1 s 2 

2s 2 

2p 6 

3s 2 

3p 2 

Chlorine 

Cl 

1 s 2 

2s 2 

2p 6 

3 s 2 

3p5 


dldMI # WPt (Visual) H4dlH Wt 

RR^T ^cTT %cTTcT. 3TFDT ^RTRl ^ WPt «*Tl^T<=K cRR %eft 
3TTfoT ^tNf^T^ cRTt RR^T teft cR ^dHdl 3HI=hdHld 
WRt ^TRTT^t RRRFT 

3^pRxTTT (Automic Structure) *-6 u ld d J ld J Ico^-t I 

^dddKld d J Id J I cod I RA3T ^ RW^TTR^ RRT 
fdcK u l (Distribution) 5H Icrlcrl 3Tfl> dtl^ c|u^. 

hRMI cfil# Tfd^fTW 33U^Rd}dl RxFT 33FDT 
<slc4h*ll RT ^cid-oiji RFTTcl RRC 
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i i 
1 i 


3HcbWRl)d 



Is 

2s 

2p 

3s 

3p 

4s 


1 

1 






tfrPRT 

2 

2 






%fWT 

3 

2 

1 





4RfdiW 

4 

2 

2 





^RR 

5 

2 

2 

1 




+i4h 

6 

2 

2 

2 





7 

2 

2 

3 





8 

2 

2 

4 




^Oh 

9 

2 

2 

5 




"R3H H 

10 

2 

2 

6 




fltfl'AfH 

11 

2 

2 

6 

1 




12 

2 

2 

6 

2 




13 

2 

2 

6 

2 

1 


fyfdchM 

14 

2 

2 

6 

2 

2 


4>lmU 

15 

2 

2 

6 

2 

3 



16 

2 

2 

6 

2 

4 


'tc4i Fh 

17 

2 

2 

6 

2 

5 


WIN 

18 

2 

2 

6 

2 

6 


wfWT 

19 

2 

2 

6 

2 

6 

1* 


© 
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( 1834 - 1907 ) 


RRTtdT i|ch<u||-oA|| ^dd-oiJi dRcdid 3RRUT chj^dfl 
R^RHWHcH %eft 3TT% RR? d$%R| ydh=RI W&H H<l6ld 
fdRKIRR 3RRRT SEftfrr’ %d 3Tl| RR? 

d<°b< u n RRT -fercT 3TT%. ^RRHfRT W 3d RT 
RRR$R RHIR^-II 3R£frR 3RRW 4s RT RRRT^tcT R=FR 
$<rkdMdi wn f^ft. r^t trr ynim cR stir^t rtct rr 
% dt cRMT RFTRt qjRt^R RRRR 3TRRT. eft RRMF^R ^R^R 
3RRUT RRT RRtR Rfe ^ RRRTK RTTRtR. eRTR RTR 3TT%. 

‘^wj^iRun’ 

RfRcJRRcS 92 MRaA Pl«H J lTd 3TIRa}dld. 

RTRT 3T«TRT ^R^RgoRT 92 RT§rM RRTRRT RR ? 3TRtdR 
eRTt RRT RT#. qTRTR RRRHK4I RdRRRf RR RT^R eRT 
RRTRT 3T«TRT RRRT #q R%RT. 

RRP5RT 3RRT RRfRRTOT ^dld #«KIRH<, ^idd,H 
IcRTRf RTTWRt %#t, RTR WIRRRTTWSRT 3T«RRRRRT 
srfRRTR RR^RT R^RT RRR RT RrffRRRTTRT RRR 
‘3RRefRlfRRt’ ^RT RR^RTR Hd.d'H RT ‘RfrTRTWt qf^TRR 
^TTWRf TRRR RRR %dT. 

RtdtR^BRT RRR^RM^ qjR qTRRTT^R ^RRTTRt 3RRRT 
RRR ^termT R?JRft RTHcft RT^R ^RRft RT%^. 
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wD ^ujshnichi^i sctft 3R^. 
sra^l iFd’THT "m" 31^ tguidld. ^T 3fl^cqi 3M^1T "3TTcJcf^" 31^ <-^ldld. 
gfpJ 3 SIFJcf^ ft "cl^j 3iiqd^" (£ ^eiscditjl) SllfoT. 
xtcfg)' cf mt|cl (JHclcid ft "cSW 3i|c|cPl" (16 ^ds^ixll) 3ofd. 

'dsicl 3iicid-i f ycfjtf aicief-i (35 ^d5:<^i^)3nf. 

srogoi cpjft cpft M. ararajpr sn^r ^ncft. 


GROUP 

1 IA 


Q 

§1 

w 


1 1 .0079 

H 

HYDROGEN 


3 6.941 

Li 

LITHIUM 


11 22.990 


GROUP NUMBERS 
IUPAC RECOMMENDATION 
(1985) \ 


GROUP NUMBERS 
CHEMICAL ABSTRACT SERVICE 
/ (1986) 


13 


IIA 


4 9.0122 

Be 

BERYLLIUM 


12 24.305 


ATOMIC NUMBER - 
SYMBOL - 


5 10.811 

B 


- RELATIVE ATOMIC MASS (1) 


ELEMENT NAME 


3 Na 


Mg 


SODIUM 

MAGNESIUM 

3 NIB 

4 IVB 

5 VB 

6 VIB 

7 VIIB 

8 

9 VIIIB 

19 39.098 

20 40.078 

21 44.956 

22 47.867 

23 50.942 

24 51.996 

25 54.938 

26 55.845 

27 58.933 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

Co 

POTASSIUM 

CALCIUM 

SCANDIUM 

TITANIUM 

VANADIUM 

CHROMIUM 

MANGANESE 

IRON 

COBALT 

37 85.468 

38 87.62 

39 88.906 

40 91.224 

41 92.906 

42 95.94 

43 (98) 

44 101.07 

45 102.91 

Rb 

Sr 

Y 

Zr 

Nb 

Mo 

T© 

Ru 

Rh 

RUBIDIUM 

STRONTIUM 

YTTRIUM 

ZIRCONIUM 

NIOBIUM 

MOLYBDENUM 

TECHNETIUM 

RUTHENIUM 

RHODIUM 

55 132.91 

56 137.33 

57-71 

72 178.49 

73 180.95 

74 183.84 

75 186.21 

76 190.23 

77 192.22 

Cs 

Ba 

La-Lu 

Hf 

Ta 

w 

Re 

Os 

Ir 

CAESIUM 

BARIUM 

Lanthanides 

HAFNIUM 

TANTALUM 

TUNGSTEN 

RHENIUM 

OSMIUM 

IRIDIUM 

87 (223) 

88 (226) 

89-103 

104 (261) 

105 (262) 

106 (266) 

107 (264) 

108 (277) 

109 (268) 

Fr 

Ra 

Ac-Lr 

M 

Mb 


Min 

Hs 

Mti 

FRANCIUM 

RADIUM 

Actinides 

RUTHERFORDIUM 

DUBNIUM 

SEABORGIUM 

BOHRIUM 

HASSIUM 

MEITNERIUM 


Relative atomic mass is shown 
with five significant figures. For 
elements have no stable 
nuclides, the value enclosed in 
brackets indicates the mass 
number of the longest-lived 
isotope of the element. 

However three such elements 
(Th, Pa, and U)do have a 
characteristic terrestrial 
isotopic composition, and for 
these an atomic weight is 
tahulatari 


LANTHANIDE 


57 138.91 

58 140.12 

59 140.91 

60 144.24 

61 (145) 

62 150.36 

La 

Ce 

Pr 

Nd 

Pm 

Sm 

LANTHANUM 

CERIUM 

PRASEODYMIUM 

NEODYMIUM 

PROMETHIUM 

SAMARIUM 


ACTINIDE 



89 (227) 

90 232.04 

91 231.04 

92 238.03 

93 (237) 

94 (244) 

7 

Ac 

Th 

Pa 

u 

Np 

Pm 


ACTINIUM 

THORIUM 

PROTACTINIUM 

URANIUM 

NEPTUNIUM 

PLUTONIUM 
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3Hc|cfalRufl 


m(Bc1I “m" 31ccm] EfT^^xFT OTW 
§?RT “m" JJ5T En^sRJl^t STCW 

?lcRM "m" Seft^T sfff^telW 
JHcKMI " i m" PiI^sm =trj. 
sn^y 1 ! ^viri acf>u4iii}i w^tTI — § m u i<^> 

srni^JJI 3B0T cWUill-4) 


18 V111A 





13 IIIA 

14 IVA 

15 VA 

16 VIA 

17 VIA 

2 4.0026 

He 

HELIUM 




5 10.811 

6 12.011 

7 14.007 

8 15.999 

9 18.998 

10 20.180 




B 

c 

N 

0 

F 

Ne 




BORON 

CARBON 

NITROGEN 

OXYGEN 

FLUORINE 

NEON 




13 26.982 

14 28.086 

15 30.974 

16 32.065 

17 35.453 

18 39.948 




A1 

Si 

P 

s 

Cl 

Ar 

10 

11 IB 

12 DIB 

ALUMINIUM 

SILICON 

PHOSPHORUS 

SULPHUR 

CHLORINE 

ARGON 

28 58.693 

29 63.546 

30 65.39 

31 69.723 

32 72.64 

33 74.922 

34 78.96 

35 79.904 

36 83.80 

Ni 

Cu 

Zn 

Ga 

Ge 

As 

Se 

Br 

Kr 

NICKEL 

COPPER 

ZINC 

GALLIUM 

GERMANIUM 

ARSENIC 

SELENIUM 

BROMINE 

KRYPTON 

46 106.42 

47 107.87 

48 112.41 

49 114.82 

50 118.71 

51 121.76 

52 127.60 

53 126.90 

54 131.29 

Pd 

Ag 

Cd 

In 

Sn 

Sb 

Te 

I 

Xe 

PALLADIUM 

SILVER 

CADMIUM 

INDIUM 

TIN 

ANTIMONY 

TELLURIUM 

IODINE 

XENON 

78 195.08 

79 196.97 

80 200.59 

81 204.38 

82 207.2 

83 208.98 

84 (209) 

85 (210) 

86 (222) 

Pt 

Au 

Hg 

T1 

Pb 

Bi 

Po 

At 

Rn 

PLATINUM 

GOLD 

MERCURY 

THALLIUM 

LEAD 

BISMUTH 

POLONIUM 

ASTATINE 

RADON 

110 (281) 

111 (272) 

112 (285) 


114 (289) 





UJunnn 

UJunnn 

UMb 


UJunqi 





UNUNNILIUM 

UNUNUNIUM 

UNUNBIUM 


UNUNQUADIUM 






63 151.96 

64 157.25 

65 158.93 

66 162.50 

67 164.93 

68 167.26 

69 168.93 

70 173.04 

71 174.97 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 

EUROPIUM 

GADOLINIUM 

TERBIUM 

DYSPROSIUM 

HOLMIUM 

ERBIUM 

THULIUM 

YTTERBIUM 

LUTETIUM 


95 (243) 

96 (247) 

97 (247) 

98 (251) 

99 (252) 

100 (257) 

101 (258) 

102 (259) 

103 (262) 

Ami 

(Cum 

Mk 

Cf 

IEs 

Fm 

Mdl 

N® 

Lit 

AMERICIUM 

CURIUM 

BERKELIUM 

CALIFORNIUM 

EINSTEINIUM 

FERMIUM 

MENDELEVIUM 

NOBELIUM 

LAWRENCIUM 
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# 3TT^f^ =bcddl cdl^ai) Hlf^cfl d^cft. 
cdl^d ^dsl°dMI ‘3T^mM’ (Automic Weight) 6<ddl 
^flM. ^T SPJ^TTTNi f^hc^oh ^T ^^ifcbld 3TOFMT. 

^T. ddl<1d ^T ^dst^NI 3F)pTKTdi 35.5 3TT%. 3TN^TT 
^STT Hll^dl^K 35.5 ^T 3F)pTKTdi Pl-H J lTd 3TT^3TRTT 
Cl 35 3Trfw C/ 57 ^T cfa 3WJH=bMl wf^IcT FKRTft 
(Weighted Average) 3TT%. ~^3WU WT H^dWdl 

WW HTHcft 

3^c|^HHi=b # R=bd-HI 3TT^F 3TT%. 

R^dldi-d) ^NdfuRuH l-^UId i^d^cilid) dlcSrdl 
£ 3TTg*micfcl’;PTT3 diddl sbm^Hl! 

^TT tioil^n 3H|cjriT'-bd (Preiodic Function) 

# R=bd-HI 3TT%. FPTR <WldPl=b ijds^ 

^TT sbH<d}d T?=FT ‘f^TS dKdlRd^ 3HldaJdld. dldcdl 
3T^I<iehl^K ^dS^M) Afe 3jyfa^ ^(cT ^TFf% 3TTfoT 
FPTFT <WldP|cb TpWTfen ^dst°didl U > c bltdldl 3RTT 

3?T^m c 4 dlddld^ 3T?ft i\ FddT 3nt. 3Tf^FTT 3TT^ 
(Periods) 3Hlfd Fddidl WL (Gruop) 3tR J -6 u ldld . 

AddW <WldP|cb s^dct 

3TOcTTcT. s^dT ^TcJ^TPTT^ apd^Jlid-A 3TOT 3TOcft. 

3TRT3TFR FPTR ^dsh^ 3TWRT. 

^IddT'FdMI FTr^FT J ldi^ ^cft. 

3TT«|fq^ ^IddWlRundl TcRT dldcdl ap^atchl^K 
dic'd 3TT%. 3H l^dd (Periods) A AZ (Groups) 'dT 
'Hchc-MHI d>ldP 3TT%cT. 
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3TT^[^ 31|c|efaMd 3TT^TTfMcfWr 

^bft ^ 33lftel. 

^kcTSTT 333^ftb31 33T3pft33lMftbt d^T3 dl+c^JIcK 
33Nc^31 Wm ^T ^cddld Islldld JR* TW. 

1. %3^31 2n 2 3J51Twft ‘33F3efft’ 2, 8, 18, 32, 50 3RTT 
4dsl°d WfM 3333F3FT3 ^ftcl. ^13eF31el eft 2, 8, 8, 
18, 18, 32, 32... spftt 3TT%cT 3333 ^71 ^ift ? 

2. 3n^eftr ^ im\?n Iwr ^r? 331^3 3 twif 3 i 
fwi ^F3? 

3. ft%rrftWlWTT ^13 33^3 ?nwift felT ^ 

355RT -Mot %Fft 331% ^t? fen fed W Id 331 T 3 U T 
310^1^ fel ?Fg 33^ Wt 3fe felftfen 331%cT? 

^31 3lfeft ^eft 33IHedldl ifeldd feWTC 33lftcl. 3|c5 
T^FO fe 3^oil^l fep3 ft 33lfer! 33N^T1 l^cfe fen3 
3333 33lfteT — 

a) dldcdl 33^3fenfe 4dsfed) 3^T31 cWlddl. 

b) 33^^ft TicPT fet ^ $fedH -HHlfdfe! fed, eft 

$fedH. ^dd^l 3333^31 cb4fe4) ^dfffeftel 
fefefe 33lfer fed. dl fedldl ‘33feft’ dl 
fed J-^>J|dld. 

c) n sbofedl W Wf^T 3Jd31el wft fe « sbfeM 
3H|c|eid 3Jd fel. 

d) 33^ dddlfeft dlddll ^dfedlft dfeft d3dd!33fe 
fefel tfefeb 3£3 dfe, 33Nd31 3felel 33P3 U T 
dlW 33-Hcrldl 3dtsbH fed fedife 6<fel 33lft 
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e) 3TRcRT ^5TcT R ^nfafgcT d4sbH ^IT. cfT 
337TT 3Tf^. 


Is 

2s 

2p 



3s 

3p 



4s 

3d 

4p 


5s 

4d 

5p 


6s 

5d 

4f 

6p 

7s 

6d 

5f 

7p 


SPJjftftdl 3ffcf^cft ^TT 3TNR4T M^l ^TcT 3TNW 
^loJcT-HlRufl 37W: Wr[ 


t#5R (H) ^ tfrPm (He) ^TTW Weft RcR ^ri%^fT 
Is ^$TT Wft. 3TRTT $e)4dHdl WTT (pfRIT ^£cT! 
xff^ 3TT^T ^PT^. % Rift 341%. 

^?RTT P=P $dddH tllddl ^?4ld %eft 
PSW %iWT (Li) ^ dcTC tftfdPP (Be) PT ^T 
^dSoAii-cAii PlWcflH^ T ^^cfteT 2s ^ 
dlHd<d) ch41dch41 ^ ft 2p 341%. 

2p TJcp-TJcp <^4dH ^HHlfdfe! TrTdTTT ^KR (B), 

Pd^R fQ, HlddldH (2V), 34T%^4 (0), (F) 

3TTfoT 1R3TTR (Ne) PT WT ^dsl°4M) ftfM ^ <|4Pft 
W *R*t. <|444 3TT^T 34T3 4d£°4M 34T%. 

Wld^d 34RTT fcRFPT ^PJHRT UHlfda ^RR 
W^TRT ^ T^T# fcRR 3TT^T IcRRTT ^Rftdf 
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3 s TJcRcp WftdT 

TTlfew (WaJ cr (Mg) fef TTTOff FI3R 3 j # 

3qW *TCct. 3TRTT q^ftcT cfiift fe^ft SqW 3p # 3TT%. 
frigid q=ft T?cp <fedH WHlteg fe^T 37c^p7PwH (Al), 
fafd+H (Si), TOTO 7 (P), « r.S), ddiRd (Cl), 37T^ 
3777lfq £4/-; # WT M°T ^tcTTcT cT 3p # 3WSTT 

fe 

3TRTT ^STT i^dsFdl^l Mcffe) 3d ^T ^q^fe 
$d4dH ■HIHld ch<ld-d ^T? fe! fW 3d # SqW 
4s ^7 wM ^TPFcT 3#cft 3TI%. 4s ^T ^5W^cT 

$dddH UHlfdS Wt T^R 37l=fedl ^dld 

WNt. ffe 37T3R ijdfe^ 37Tfe 3RM fdrj 
^T TJd^fe W&. 

4s qr qq^fe sfehH wfe q^q 37 m q)qfe7 
(K) q dbdfddH (Ca) ^rNft ffiffit %dft 37TfoT 4s # 

sqw wxft. 

q>dfddH dcR ^q£R7 4p ^T THHlfdfe! qqfe 

■5FT? qT^t. 3d ^ qq^SjTT fd^N^T q 
(q q<<rMi) qqqfes^ qqftq qqft 3 tt%. 

q>df$WHHd< 3d ^T qq^fe Tjcfi Tjcfi ^feld 

wffcr ^tcT 5c fefe7), n (feqqq), 

F(^few), Cr (sblfH'MH), Mn (4d41d), Fe (37T^f), 
Co (cbldled), Ni (Iqfe), Cu feTT) 37TfoT Zn (fe) 
qT q^T fdrndl ^ 37TfoT 3d qqW 

TTwfe ffeRT^n w^m 

37 ci d'^H 37^7crrcT. Mm qRjq feq^fq 
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4ft. Tjur^rtf 

33t4cT. & 1 TR^T Zn H4d41 ^Tft ^sM «TT^ 
(Metals) 3TF%cT- 

«nUW 3Fjft WT 33TcTCW 3d W^ITgft ftftoT 
4t u TRTT Sc 4 Z/7 ^fT ^ds(°dHI 4sbWcb (Transition) 
*ids(°4 T^uicTTcT. 

ftw Plftdlddi d/7 ft W mft. ftddH 

(Ga), dHMdH fGe), 3Hl4ftcb fd.s/, *HPwH (&>), ftfftT 
(Br), 3TTfoT ft'-dH (Kr) ftftt ftftft 4ft. Ga TRJd Kr 
^ w ^dddftHd) ftMT ddddl 33m?ft (3 % S) 
<Wldfdd) ^rqfiT^ ^tcT IT^ft. 

MM°dl 33 McTh I d Idld ^H<ldd1 4ft. 3344 

Sr ftwi MW did 5.v 3qW W^. Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Cd dftdT ftftdld 4d W *fft. ZT dsblHd) 
^ds(MMI ^TTT TC. cdHd< In, 3/7, 57), Te, I 3#4 Xe 
ftw Plftdld 5/7 ft W *Rft. 4ft 33Tdeft 18 
33l4. 

wft 33Tdeft 32 4ds(odN 33 t 4, cdTftt ftftft mft 

4ft? 

(Cs), 3T[f4 (Ba), ft^TT MW did 6s ft 

^rft. 3TRTT 3W^T 3# 5d. fcMdld 

$4kdft 3Tftftr 4ftP3 ftWT (La) ft ftftft 4ft. ' C FT 

^cft) 4ftT 4ftT W> ftft^T 5Td)K d^ft. 4/zn 3mftft 
3ft 5d dT 3ft4$TT dft 4ft. dT d<ftMl 

ftftS d)KU|idl eTW 33 m 3iM dlft 33l4ft. 1 3 U T La 
ftTC 33TdT W mft 33TfoT ftfUlH (Xej 1 3T3^T 
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wn 3-1 m d n i t>H Wm\ 
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qfgef 3TIcl#r (2) H, He 



eptfWT (Lu) 3T3TT 14 14 

*id£°dHI (Lanthanides) T^IcTTcT. cdldd< W 

5d # ^ WT%. P Ilf Ta, W, Re, Os, Ir, Pt, Au 

d Hg^ TT 3TTWt ^ds^dMl 1 pfM 

Ba dcR W ^cffcr ^d c fdT"Hdl WTT 
3TTfoT 5J ^ 4/^n 3dW WFTT 24 ^d^idl 
Fief. rdTFT 3Hid<-HshlHd^ (Inner Transition) Hd^ 
J-^uidld. 

3TRTT ddd®^ <3o'dI'=b8dT 3dT%. '^I 
^dddhHd) WTT WRT (j % 5) 3dTfoT slfd^T 
(Tl), fm (Pb), TFWd (Bi), dldlHdH fPoj, 3Twidl|d 
(At), 3TTfq (K/zj ^TT dddcdl <l«HI^Pl®h TJOT^f^n 
^dsf°dM) ftfrfcft 

■Hld°dl 3H|ckldNdl PlMdld W WT^TT 3Hld^HNl 

^d<ldd1 F^. Fr (^fadd) 3dTfoT ita (^few) dRdl^ci 
7s FTOdT PF1. 3Tfddfddd (Ac), FMt RfM 6d W 
F=F $dddH -HIH°ld FtFFT Ft%. cdldd< FTF 5/^ FW3TT 
FTFTdT dTTd 3TT^ 74 sTfdddl^d (Actinides) ^ft FTFTdt 
Ft%. cdM sfrf^T (Th), SfldRdfddd (Pa), 3TTfoT ^fddd 
ft/; U.ddld ^d^ PlAHIId 3d Icoodd Id . Hd-c^fddH (Np) 
3TTfoT k^ddd (Pit) Ft fek FfFTcT. 

dlddddl 4d^ HHdfdWd 3TT%cT. cdMT 3d'RTTF 3TFFT 
^ ^<Fldfl F^... 

3d Ic4r?dd I RuH ft 3Fd(-dl ^IdlcHlldl^ill ddlfdcb 
yunRdd) F dMIdl 3d I d (-d I d I dddd $dd-dl 
dFddUl; tpu ^rddlddUl Idtdd FfH, ^ W? ?J*FF 
■*fte 3TT%. 
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TTTfctnfw ^Ki4) ^ft 


3H<slTsd -(Continuous) 

3# - (Fire) 

3Huj^i<-cHi - (Atomic Structure) 

(Atom) 

y.'h'h - (Atomic, Mass unit) 
3T£TT^- (Non-metal) 

Slf^crra - (Orbital) 

3hhhm<; 41 - (Non Electrolytic) 

3HH c h4 u l - (Repulsion) 

StHMdH - (Dissociation) 

3HHMi41 - (Electrolytic) 

3tH*-dR u l - (Dispersion) 

3lfolsh<u=hRch- (Reactants) 

3FRT- (Elixir of Life) 

3hc|ck j i - (Transverse Waves) 

3niciH lifft- (Indestructible) 

3HidR<* - (Internal) 

3Hi=hcf u l - (Attraction) 

3Hidd< - (Shape) 

3TRTWR - (Size or Volume) 

3h| 4H - (Ion) 

3TRIFf - (Amplitude) 

3Hickfn - (Period) 

SHlddT-bcl - (Periodic Function) 

JrHlfdcl - (Products) 

3R? - (Energy) 

- (Cathode) 
dj“lldd - (Anion) 

3hTR(|.^1<*k<* - (Oxidizing Agent) 

/ 4>ydi - (Frequency) 

^Tcf - (Time) 

!dii u i)<sHlRdl - (Radioactivity) 


JvTlH - (Coulomb) 

r=b<u| . (Cathode Rays) 

>RJhI - (Device) 

8TTTO - (Reducing Agent) 

<sTsd - (Discrete) 

TC - (Group) 

(JHHE - (Ratio) 
d^lddi - (Hypothesis) 

Midi - (Phenomenon) 

Mddl - (Density) 

■dsfld FTTT - (Angular Momentum) 
^)s j ll oil- (Dipole) 
cT83T . (Reality) 
dFlclidl - (Wave length) 

SPH - (Thrill) 

TTS - (Dense) 

TR- (Pressure) 

- (Space) 

feREI - (Direct Current) 
gdfs<E - (Bad Conductors) 
(Diatomic) 
tcft - (Dual) 

SET f^RT - (Electrode) 

- (Anode) 

SFTRH - (Cation) 

SJT^- (Metal) 
fd^cfl - (Cancellation) 

- (Quinta Essentia) 
FdTsfoR . (Material Particle) 
vtef - (Philosopher’s Stone) 

(jsi Frf™ - (Quantum Mechanics) 
ijsfbRP, - (Quantization) 
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- (Earth) 

eft web- (Compressor) 

yfeoil, fifed- (Vacuum) 

feffet- (To contract) 

yriilfecl^cf yfelld - (Photoelectric 

fen - (System) 

Effect) 

fen- (Symbol) 

y>*ifefefei - (Photosynthesis) 

fen - (Allowed) 

yfd<jd) - (Model) 

fenRT - (Structure) 

ymfild FKlfet - (Weighted Average) 

FTO|nRR - (Equivalent Weight) 

Rim - (Radiation) 

Fmfet - (Isomer) 

(Point) 

fefefniR - (Spiral) 

nmfeft - (Order of Magnitude) 

y=H6<* - (Good Conductors) 

yoll'MH - (Smooth) 

fefeR - (Stable) 

- (Radicals) 

Trimm - (Space-time) 

- (Element) 

fefefe - (Chlorophyll) 

- (Fundamental Particles) 


Hi=h oil - (Free) 


fevf - (Mole) 


fej^- (Molecule) 


fef - (Line) 


■ClH i-cTl<=b< u i - (Romanticization) 


<rTl<rt=b - (Prism) 


dfeifelHlHl - (Spectrometer) 


ol^Hd, cfeyfel - (Spectrum) 


d'HJHH - (Mass) 


filfe< u l - (Scattering) 


feim - (Distribution) 


filsjd^HMid - (Electrolysis) 


fejcfFRinffe fifefe (Electrochemical 

Equivalent) 


fifed - (Electroplating) 


fepTR doil - (Gaseous Discharge 


Tube) 


fenfe - (feffonn) 


fidl^dl - (Divisibility) 


fen - (Discrete) 


fenfe- (To expand) 


fel - (Velocity) 


fenffe fen - (Thought Experiment) 
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